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PREFACE TO THIRD EDITION. 



npHE general plan of this work is to give, in each group 

-*- of the Invertebrata, first, a short account of its 

general zoological features with a more detailed descrip- 

^ tion of the hard parts of the animals; secondly, its 

^ classification and the characters of the important genera, 

;- with remarks on the affinities of some forms ; and thirdly, 

J^ a description of the present distribution, and the geo- 

vi logical range. The account of each genus is followed by 

^ the enumeration of one or more typical species, so as to 



i) 



Pr* guide the student in making use of a large collection. 

In the present edition some parts of the book have 
been enlarged, and others modified, in accordance with the 
researches of recent writers, and as the outcome of further 
experience gained in teaching the subject since the second 
edition was issued. Descriptions of a somewhat larger 
number of genera are given, since it is believed that this 
will make the book more generally useful, while still 
retaining its elementary character. 
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VI PREFACE TO THIRD EDITION. 

The number of illustrations has been increased ; but 
as before, they are employed mainly for the purpose of 
explaining structure and terminology, and will not enable 
the student to dispense with the use of actual specimens. 

The list of palseontological works is intended to indi- 
cate to the student where he may obtain further informa- 
tion in any branch of the subject, but not to give a 
complete catalogue of even the more important works; 
it includes works of general interest in each group, and 
others dealing especially with British fossils. 

My thanks are due to the Editor of the Series — 
Mr A. E. Shipley — for advice and help ; and to Dr F. L. 
Kitchin for reading the proofs of the first half of the 
book. 

H. WOODS. 

St John's College, Cambridge. 
October, 1902. 
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INTKODUCTION. 

From the earliest times it has been known that bodies 
resembling marine animals occur embedded in the rocks. 
For several centuries two distinct views were held respect- 
ing their nature. By some persons they were thought 
to have once formed parts of living animals, and con- 
sequently to indicate that the spot where they are now 
found was in past ages covered by the sea. Others, 
feeling it difficult to account for so much geographical 
change as would be necessitated by this view, considered 
that they were not of organic origin at all, but had been 
formed by some 'plastic force' within the earth — that 
they were in fact * Sports of Nature.* But since these 
bodies resemble in every essential respect the hard parts 
of animals now existing, we may at once reject this hypo- 
thesis. 

The remains of animals and plants of past ages pre- 
served in the rocks are known as fossils, and the study of 
them forms the subject of Palaeontology. 

In order that an animal or plant may become a 
fossil two conditions are generally necessary: First, it 
must possess a skeleton of some kind or other, since the 
soft parts are rapidly decomposed; consequently such 
animals as jelly-fishes leave no trace of their existence, 
unless it be a mere imprint. Secondly, the organism 
must be covered up by some deposit, otherwise it will 
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2 INTRODUCTION. 

soon crumble to dust. Now, since there are comparatively 
few places on land where material is being deposited to 
any great extent, it follows that terrestrial animals will 
stand but little chance of being preserved; the greater 
number after death will remain on the surface and will in 
a short time be entirely decomposed. A few may become 
entombed in peat-bogs, in the dust and ashes thrown 
out by volcanoes, in the sand of sand-dunes, or by a land- 
slip ; some may be sealed up in deposits of carbonate of 
lime, such as the travertine thrown down by calcareous 
springs, or the stalagmite formed on the floor of caves; 
and lastly, others may be transported by running water 
and ultimately buried in the bed of a river, of a lake, 
or of the sea. Such instances, however, are of compara- 
tively rare occurrence. In the case of aquatic animals the 
conditions for fossilisation are much more favourable, since 
deposition is more universal in water than on land. Of 
such aqueous deposits, those formed in the sea will enclose 
by far the larger number of animals on account of the 
greater area which these deposits cover. 

The structure and composition of the hard parts vary 
considerably in different groups of animals and plants; 
some are therefore much more readily preserved as fossils 
than others. Thus in Argonauta the skeleton consists 
of a thin shell which is easily broken up ; then again in 
some sponges it is formed of needles of silica, which 
are held together by the soft parts only and consequently 
easily become scattered after the death of the animal. 
But in other cases, as in most of the mollusks and corals, 
the skeleton is very strong and not easily destroyed, 
hence these occur abundantly in the fossil form. Perhaps 
even more important than the structure, is the composi- 
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tion of the hard parts, which, in the case of insects 
and some hydroids consist of a homy substance known 
as chitin ; in diatoms, in most radiolarians, and in many 
sponges, of silica; in the bones of vertebrates, chiefly of 
phosphate of lime; in corals, echinoderms, moUusks and 
many other animals and some plants, of carbonate of lime ; 
in most plants, of woody or corky tissue: a larger or 
smaller amount of organic matter is always combined with 
the mineral. Of these substances, chitin is with difficulty 
dissolved. Silica in its ordinary crystalline condition is 
one of the most stable of minerals, but when secreted by an 
animal or plant it is glassy and isotropic (i.e. singly re- 
fracting and without effect on polarised light), and is dis- 
solved with comparative ease, so that such skeletons may 
be entirely removed by the action of percolating water. In 
organisms with calcareous skeletons the carbonate of lime ' 
is readily dissolved by water containing carbonic acid, but 
the degree of solubility varies according to the condition 
in which the carbonate of lime is present. In some animals 
it occurs as aragonite, in others as calcite. Of these two 
minerals, aragonite is the harder and heavier, its specific 
gravity being 2*93, whilst that of calcite is only 2*72; 
aragonite crystallises in the rhombic system, calcite in the 
hexagonal. Fossil calcite shells (e.g, Pecten opercularis) 
are translucent, their surface is compact, but their interior 
porous; on the other hand the aragonite shells (e,g. Pec- 
tunaulus glydmeris) are opaque, and have a chalky ap- 
pearance but a compact structure throughout. If a shell 
of each kind be suspended in water containing carbonic 
acid, it will be found that the one composed of aragonite 
will lose, in the same time, a much greater proportion of 
its weight than the other. Further, the calcite shell 
remains firm longer than the aragonite, the latter being 

1—2 



4 INTRODUCTION. 

soon reduced to the consistency of kaolin or china-clay. 
This difference, however, does not appear to be due directly 
to mineral composition, for Cornish and Kendall found 
that when crystals of calcite and aragonite were pow- 
dered and placed in carbonic acid solutions of the same 
strength, the aragonite was not acted on more rapidly 
than the calcite, and the same result was obtained 
with powdered fossil shells. From all these considera- 
tions, it is not surprising to find that in some strata the 
aragonite skeletons have entirely disappeared, whereas 
those formed of calcite remain. This will obviously be 
most likely to occur in pervious beds through which 
water containing carbonic acid percolates. A striking 
instance of the difference in the solubility of calcite and 
aragonite was furnished by some specimens of the common 
edible mussel, Mytilus edulis, in which the inner layer of 
the shell is formed of aragonite and the outer of calcite ; 
Dr Sorby found specimens from the raised beach at 
Hope's Nose, Torquay, which had lost the inner layer 
but not the outer. Similarly, in specimens of Spondylus 
from the Chalk, the inner layer of the shell has been com- 
pletely removed, but the outer is left. In some cases 
aragonite is replaced by calcite, but then the organic 
structure is entirely destroyed, and we get merely a 
mass of calcite crystals. Calcite is never replaced by 
aragonite. 

The mineral character of the skeleton of the chief 
calcareous organisms is as follows: — 

Forammif&ra, — The vitreous forms consist of calcite, 
the porcellanous probably of aragonite. 

Porifera, — Calcispongise of calcite. 

Anthozoa, — The Alcyonaria are of calcite, except He- 
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Uopora, which is of aragonite ; the Madreporaria of 
aragonite. 

Echinoderma, — All of calcite. 

Polyzoa. — Chiefly calcite. 

Brachiopoda, — All of calcite. 

Lamellibranchia. — Many consist entirely of aragonite, 
but Anomia, Ostrea, and Pecten of calcite. In Pinna, 
Mytilus, SpondyluSy Unio, and Trigonia, the inner layer is 
of aragonite, the outer of calcite. 

Odsteropoda. — The majority are formed of aragonite, 
but Scalaria and some species of Fusus are of calcite. In 
some (e.g. Patella, Littorina) the outer layer is calcite. 

Cephalopoda. — Nautilus, Spirula, and Sejna are mainly 
aragonite, as also were probably the Ammonites. Argo- 
nauta and the guard of Belemnites are calcite. 

Crustacea. — The shell consists of calcite, with some 
phosphate of lime. In some cases there is a large amount 
of organic matter. 

The condition in which fossils occur depends, as we 
have seen, on their original composition and on the 
material in which they are embedded. The chief types 
are the following: — 

1. The entire organism preserved. Occasionally the 
soft parts of the organism are preserved as well as the 
skeleton, the whole having suffered very little change. 
Instances of this are, (a) the woolly rhinoceros and mam- 
moth found frozen in the mud and ice in Northern Siberia, 
and (6) insects and plants encased in fossil resin, known 
as amber, found in the Oligocene beds on the Baltic shores 
of Prussia and in the Pliocene beds of Cromer. 
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2. The skeleton preserved almost unchanged. Some- 
times when the skeleton alone is preserved, it remains 
almost in its original condition, except that it has lost its 
organic matter. Thus the shells in the Pliocene beds of 
England diflfer from living ones only in being lighter, 
more porous and generally colourless. In some instances 
a certain amount of mineral matter, such as carbonate of 
lime, has been added to the skeleton, making it heavier 
and more compact. 

3. Carbonisation. In some plants, and in animals 
with chitinous skeletons, such as graptolites, the original 
material becomes carbonised. The organism undergoes 
decomposition and loses oxygen and nitrogen, the relative 
percentage of carbon therefore increasing. The changes 
are similar to those which occurred during the conversion 
of vegetable matter into coal. 

4. A mould of the skeleton. Sometimes the skeleton 
disappears entirely, a mould only remaining: this is 
especially the case when it consists of aragonite and is 
embedded in a porous stratum. After the shell of a 
moUusk has become covered up with sediment, and the 
soft parts have been decomposed, the interior becomes 
filled with the same material. Water containing carbonic 
acid subsequently percolates through the rock and carries 
away the shell as bicarbonate of lime, so that there is left 
only a mould of the interior and of the exterior, the space 
between the two being that which was originally occu- 
pied by the shell and, if filled with wax, will give an 
exact model of it. Excellent examples of this mode of 
fossilisation are seen in some moUusks from the Portland 
Oolite, e.g. Gerithium and Trigonia. Sometimes' after the 
shell has been removed the space left becomes filled up 
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with mineral matter carried in by percolating water ; this 
has the form of the original skeleton but obviously not its 
internal structure. 

The interior of the shells of foraminifera or other 
organisms may, soon after the death of the animal, become 
filled with glauconite (silicate of iron and alumina), calcite, 
or silica; subsequently the shell itself often disappears, 
leaving only the internal cast. Glauconite occurs in this 
way in the various greensand strata, and also in some of 
the deep-sea deposits at the present day. 

5. Petrifaction, In some deposits the fossils show 
the minute structure as well as the form of the organism, 
but the original material of the skeleton has been replaced 
by another mineral. Thus we find fossil wood which shows 
the cells and vessels just as in existing trees, but in which 
the walls are formed of silica instead of cellulose. The 
change has gone on in such a manner that as each particle 
disappeared its place was taken by a particle of silica. 
The chief minerals which replace the original substance 
of organisms in this manner are: — 

(i) Carbonate of lime; calcite sometimes replaces 
the silica of sponges. 

(ii) Silica, as in the fossils from the Blackdown 
Greensand, and the Thanet Sands near Faver- 
sham; also in the wood of the Purbeck dirt-bed 
in the Isle of Portland. 

(iii) Iron pyrites; e.g. Ammonites fi:om the Oxford 
Clay, Lias, etc., and some graptolites. 

(iv) Oxide of iron, in the form of limonite in some 
. fossils fi:om the Dogger (Inferior Oolite) of York- 
shire and the Lower Greensand of Potton, etc.. 
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and as haematite in fossils from the Carboniferous 
Limestone of Cumberland. 

(v) In rare cases there are other replacing minerals, 
such as sulphate of lime, barytes, blende, galena, 
malachite, vivianite, and spathic iron. 

6. Imprints, The footprints of animals and the 
impressions of jelly-fishes are sometimes found in the 
rocks, and these, although forming no part of the animal 
itself, are nevertheless regarded as fossils. 

In endeavouring to discover the changes which have 
taken place on the earth in past geological times, the 
evidence furnished by fossils is of primary importance. 
Each great group of the stratified rocks, known as a 
system, is characterised by a particular assemblage of 
genera and species, some of which are confined to it and 
enable us to identify the system. In a similar manner, 
the smaller divisions — the series and stages, are each 
characterised by possessing certain fossils, which do not 
occur above or below. Further, it is found thadvthe 
fauna of the smallest division (stage or group of beds) 
is not of uniform character throughout; although there 
may be no change in the nature of the rock, sotQe of the 
species which are abundant at one level will become rare or 
will disappear entirely in passing to higher or lower hori- 
zons. Consequently, a set of beds may be divided into belts 
or zones, the general aspect of the fauna of each zone being 
somewhat different from that of the others, but between 
these divisions there will be no break either physical or 
palaeontological. If then we have determined the order of 
succession of the formations in any one area by means of 
their relative positions, the newer resting on the older^ it 
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is fairly easy in any other district, merely by examining the 
fossils, to refer any set of beds to its proper position in the 
geological record. But although this law of the identi- 
fication of strata by the fossils which they contain is of 
great value, it must not be applied without some caution, 
for even if two formations were deposited at exactly the 
same time, it does not necessarily follow that all the 
genera and species found in the two will be identical. 
Thus for instance in the seas at the present day the same 
forms of life do not occur in all parts ; animals which live 
in water of moderate depth are distributed in provinces 
which depend largely on climatic conditions, each province 
possessing some forms peculiar to itself. The organisms 
now being entombed in deposits formed, say, off the 
British coasts, will as a whole be diflferent fi-om those off 
the Canary Islands ; but still, some of the species and many 
of the genera will be common to both areas, and would 
enable us to identify the two deposits as having been 
formed within the same general period, though not to 
consider them absolutely synchronous. Then again there 
is a distribution of organisms according to the depth of 
the sea, and the nature of the sea-bottom; so that the 
fauna of a deep-water formation will necessarily be dif- 
ferent fi-om that of a shallow-water one, and that of a 
sandstone different fi:om that of a clay. But there are 
other animals which live near the surface of the ocean, far 
from land; such pelagic forms have a wider geographi- 
cal range than those which live on the sea-floor in shallow- 
water, and are consequently of great value in determining, 
as of the same age, deposits found in widely-separated 
localities. 

In addition to their chronological value, fossils are 
also important in indicating the conditions under which 
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the formations were deposited. In the case of the later 
beds, where most of the fossils belong to genera which are 
still existing, it is easy to distinguish a marine deposit 
from one formed in freshwater or on land. Even in the 
rocks of earlier periods, in which most of the genera are 
extinct, we may recognise a marine deposit by the presence 
of such animals as radiolarians, corals, echinoderms, 
brachiopods, pteropods, cephalopods, or cirripeds, which at 
the present day are found only in the sea. 

The depth of the sea in which a formation was de- 
posited can be estimated when the fossils belong to living 
species; when the species are extinct some idea may be 
formed if the genera to which they belong are found 
chiefly at some particular depth at the present day. In 
attempting such determinations it must be remembered 
that the sea-bottom down to a depth of nearly 50 fathoms 
may be disturbed by the action of waves and currents in 
the sea; consequently the animals living on the bottom 
in shallow water are liable to be carried from their 
original home to higher or lower levels. One of the 
surest indications that a formation was laid down in 
shallow water and not far from land is furnished by the 
association of the fossil remains of land animals and plants 
with marine species ; another, by the presence of mollusks 
such as Pholas and Lithodomus, which bore into rocks, and 
at the present day are found only in shallow water. 

The nature of the climates of past ages may be judged 
to some extent by the character of the fossils; the evi- 
dence furnished by land-plants is particularly valuable, since 
their distribution is determined largely by temperature 
and is better marked than in the case of marine animals. 
As far as the latter are concerned it is only when we are 
dealing with modem species that we can, as a rule, speak 
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with any degree of certainty on this subject; this is 
owing to the fact that at the present day the individual 
species of the same genus have often a very diflFerent 
distribution, some being found in warm, others in cold, 
regions. Even when all the fossils in a formation belong 
to extinct species, the assemblage of genera is some- 
times such as marks some region at the present day; 
thus, for example, in the London Clay we find that many 
of the genera of moUusks are now characteristic of tropical 
or subtropical seas. 

The study of fossil animals and plants is of the 
highest importance to the biologist, not only because 
they are the ancestors of modem species, but because 
among fossil forms we find many groups {e,g, Graptolites, 
Cystids, Blastoids, Trilobites, Eurypterids), which are 
altogether extinct, and which often throw light on the 
relationship of existing animals and plants. Others {e,g, 
Crinoids, Brachiopods, Nautiloids) are represented at the 
present day by few forms only, but were, in past ages, very 
abundant; consequently no adequate knowledge of such 
groups of animals can be obtained from the study of living 
examples only. In some cases the ancient forms serve to 
connect groups which, at the present day, appear to be 
quite distinct ; thus, for example, the earliest known bird 
{Archoeopteryx, from the Solenhofen Limestone, Upper 
Jurassic) shows, in several important characters, affinities 
to the Reptiles; on the other hand the Deinosaurs, a 
group of reptiles found in the Mesozoic formations, have 
many features which link them with the Birds. From the 
point of view of the biologist, the greatest interest in 
Palaeontology is found in the bearing it has on the subject 
of evolution : it is only by a study of the fossil forms that 
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the race-history or phylogeny of animals and plants can be 
traced with certainty ; but in attempting such investiga- 
tions a great difficulty is presented by the imperfection of 
the record of the life of past ages, since only a very small 
proportion of the animals and plants has been preserved, 
and these often in a very imperfect manner. We have 
already seen several reasons why this record must be im- 
perfect ; some animals are without hard parts, while others, 
particularly land animals, do not become covered. up with 
sediment. Further, the remains of animals which were 
originally present in some rocks have been dissolved by 
percolating water, or to a great extent obliterated by 
the metamorphism which the rock has undergone. Then 
again the record of life is incomplete because of the 
breaks in the succession of the stratified rocks; these 
breaks have been caused sometimes by denudation having 
removed a great thickness of rocks, in other cases by an 
absence of deposition. 

Notwithstanding this imperfection of the record, 
many groups of animals are found to undergo gradual 
modification when traced through series of strata or 
formations. For example, in the Pliocene deposits of 
Slavonia there are numerous shells of pond-snails (Vivi- 
partis or Paludina) ; and specimens found at the top and 
bottom of the formation, and also at certain intervening 
levels, difiPer so much from one another that they appear 
to belong to distinct species. When, however, examples 
are collected from all the beds of the formation, the 
apparently distinct species are seen to be connected by 
intermediate forms, and a series, showing a gradual passage 
from the species found in the lowest bed to that in the 
highest, can be obtained. 

In several groups of Tertiary Mammalia there is also 
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evidence of gradual modification in structure; thus the 
earliest-known forerunner of the horse, found in the 
Eocene beds, possessed five toes, and was succeeded in 
later times by fonns with successively fewer toes, until in 
the Pliocene, the existing type {Equiis), with only one toe 
and splint-bones, appeared; other gradual changes also 
occurred in the character of the teeth, etc. 

In the development and growth of an animal, various 
stages, which often present some resemblance to the 
adults of other animals, are passed through. In some 
cases these stages in the- life of the individual are also 
similar to those which occurred in the history of its race, 
as shown by the geological record. This agreement gives 
some support to the 'recapitulation theory,' which sup- 
poses that the changes passed through in the development 
of the individual (ontogeny) are, in a general way, a rapid 
and incomplete repetition of those which occurred in its 
race-history (phylogeny). 

In a natural classification of animals an attempt is 
made to place together in the same group those forms 
which are connected by descent; such a classification, if 
perfect, would be of the nature of a genealogical tree. 
Each main division is termed a Phylum, and is divided and 
subdivided into smaller and smaller groups, known as 
Classes, Orders, Families, Genera, and Species. A species 
includes a group of individuals which appear to have 
descended fi*om the same ancestors and can give rise to 
offspring which are fertile among themselves; such indi- 
viduals usually differ from one another to only about the 
same degree that offspring of the same parents may differ. 
One species is generally distinguished from another by 
such characters as ornamentation, shape, relative propor- 
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tion of parts, and size. In some species one or more 
groups termed varieties may be recognised, and are dis- 
tinguished from the other forms included in the species 
by some slight, but fairly well-marked and constant 
modification. Varieties are frequently connected with the 
special physical or biological conditions under which they 
are living. The varieties in some species pass into one 
another by intermediate forms ; but others appear to be 
fairly distinct and may be regarded as incipient species. 

Sometimes two groups of individuals resemble each 
other so closely that they might be regarded as belonging 
to the same genus or to the same species, but they appear 
to have descended from diflferent ancestors since they are 
found to differ in development (ontogeny) or in their 
palaeontological history; this phenomenon, of forms be- 
longing to different stocks, approaching one another in 
character, is known as convergence or heterogenetic homodo- 
morphyy and may occur either at the same geological 
period or at widely separated intervals. 

Similarly, animals belonging to two distinct groups 
may, when subjected to similar conditions, show corre- 
sponding modifications, though they do not really approach 
one another in essential characters ; thus parallel modifi- 
cation may occur in independent groups. 



PHYLUM PROTOZOA. 



Classes, Orders, 



1, Gymnomyxa , 

(Sarcodina) 

2. Gorticata (not fossil). 



( 1, Foraminifera. 

2. Badiolaria. y 

3. Others not found fossil. 



The Protozoa include the lowest forms of animals, such as 
Amoeba, Vorticella, and Qlobigerina, The body consists 
in many cases of one cell only, in others of more than 
one, but the cells never form tissues as they do in all other 
animals. A cell consists of protoplasm — ^a semi-fluid living 
substance containing granules ; in the centre of the cell is 
a denser, usually spherical body called the nucleus — rarely 
more than one is present. 

In some Protozoa (the Gymnomyxa) the protoplasm is 
naked, and consists of an inner granular mass and a thin, 
clear, outer layer ; such forms are further characterised by 
having no definite shape, by being able to take in food at 
any part of the body, and by possessing the power of 
throwing out lobes or filaments of protoplasm known as 
/ pseudopodia. In others (the Gorticata) the protoplasm is 

surrounded by a firm membrane or cuticle which gives the 
animal a definite form ; the food is generally taken in at 
one permanent aperture, and pseudopodia are absent, but 
in many cases the surface is provided with cilia or 
flagella, which are threads of protoplasm having a definite 
form and a rhythmic movement. 
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Reproduction in the Protozoa takes place usually by 
fission (i,e, division into two parts) and sometimes by the 
formation of spores. There are some cases in which con- 
jugation occurs, representing to some extent the sexual 
method of the higher animals. In some of the Protozoa 
there is no skeleton, but in others a shell is formed. 

The Protozoa can be divided into two main groups, 
(1) the Gymnomyxa, (2) the Corticata; no examples of 
the latter division have been definitely recognised in the 
fossil state. 

CLASS I. GYMNOMYXA. 

The members of this group possess no external mem- 
branes (cuticle), and are able to throw out pseudopodia. 

The Gymnomyxa are divided into five or more orders, 
but only two of these have been found fossil, namely, 
the Foraminifera (or Reticularia) and the Radiolaria. 

ORDER I. FORAMINIFERA. 

The Foraminifera are characterised by giving out 
thread-like pseudopodia, which frequently branch and 
anastomose; and by possessing in most cases a shell or 
test, which may be calcareous, arenaceous, or chitinous. 

The calcareous forms are by far the commonest, and 
in these, two kinds of shell may be distinguished, namely, 
the vitreous and the porcelUinous, In the vitreous, the 
shell is glassy and transparent, and is perforated by in- 
numerable tubes for the passage of the pseudopodia; in 
some forms {e,g, Rotalia) these tubes are ^^-^ of an inch 
in diameter, but in others {e,g. Operculina) only x^^thf ^^ 
an inch. In the porcellanous forms, the shell, when 
viewed by reflected light, is opaque and white, having the 
appearance of porcelain ; it is not perforated by tubes, the 
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whole of the pseudopodia passing out by one or two large 
apertures. Sometimes, however, the surface of the shell 
is pitted, producing at first sight the appearance of per- 
foration. 

In the arenaceous forms the shell consists of grains of 
sand (commonly quartz) joined together by a cement. The 
cement may be formed of chitinous, or of calcareous and 
ferruginous material. The shell is often imperforate. 

The chitinous forms {e,g, Oromia) do not occur as 
fossils. 

The shell of the Foraminifera varies considerably in 
form; in some genera it consists of a single chamber, 
when it is said to be unilocular, as for example in 
Orbulina, where it is spherical, and in Lagena (fig. 
2, F), where it is generally flask-shaped. In other 
cases it consists of several chambers, which are placed 
in communication with one another, either by perfora- 
tions in the walls (septa) between them, or by larger 
openings. The arrangement of the chambers in these 
multilocular forms is very varied; they may be placed 
in a straight line as in Nodosaria (fig. 2, H), in a curved 
line as in DentaUna, in a plane spiral as in Cristellaria 
(fig. 2, 0)y or in a helicoid spiral as in Rotalia (fig. 2, L, M), 
The earlier whorls in some spiral forms are partly or 
entirely embraced by the later ones, so that sometimes 
the last whorl only is visible on the exterior {e.g. Gristel- 
laria) ; but when the later chambers are merely attached 
to the extremities of the earlier ones, all the whorls can be 
seen (e.g. Operculina). Some genera, such as Textularia 
(fig. 2, E)y have two rows of chambers placed side by side ; 
others (Tritaooia) have three. In some cases (e.g. Orbito- 
lites) there are numerous chambers arranged in concentric 
ringsf instead of in a spiral. 

w. p. 2 
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In the porcellanous and the simpler vitreous forms 
the septum between the chambers (fig. 1, -4, 6) is formed 
entirely by the wall of the older chamber, but in the 
higher vitreous forms each chamber possesses a wall of 





Fia. 1.- A^ section of a foraminifer in which each septum is formed of a 
single lamella. B, in which the septam is formed of two lamellsB. 
a, passages between the chambers ; 6, septam ; e, anterior wall of 
last chamber ; d, supplemental skeleton. (After Carpenter.) 

its own, so that the septum (fig. 1, B, b) is formed of two 
lamellae. In such cases the outer walls of the chambers are 
frequently strengthened by an external deposit, which 
fills up the hollows between them: this deposit is often 
traversed by a system of canals, and is known as the 
supplemental or intermediate skeleton (fig. 1, B, d). 

The Foraminifera may be divided into three groups, 
the characters of which are based on the structure and 
composition of the shell; this is most probably not a 
natural classification since in some types which are usually 
calcareous (e.g. Miliola) we occasionally meet with species 
having sandy shells. 

I. Porcellanous Forms. 

Shell calcareous, porcellanous, not perforated by canals, 
but provided with one or two large apertures through 
which all the pseudopodia pass out. 



i 



FiQ. 2. Foiaminifera (recent). A, B, Miliola {MlocuUna) depreiia. B, 
BBotion. C, Miliola {Miliolina) ((mi''ii'um- D, Aliliola (Spiro- 
loeulirui) limbata. E, TixtuUaia fto'TeHi. F, Lagetia lulcata. O, 
CristtUaria rotulata. H, Nodotar^"' radicuta. I, K, Globigerirta 
halUndeM. L, M, RotaXia beccari- (After Brad;.) Jdt enlaiged. 
3—3 
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Miliola. (fig. % A — D,) Shell multilocular, the chambers 
being coiled on an elongated axis, each chamber forming half a 
convolution. Sometimes all the chambers are visible externally on 
both sides of the shell (fig. 2, D) ; at other times, owing to the 
lateral prolongations of the chambers, only the last one or two are 
seen (fig. %A^C)\ or it may be that more chambers are shown on 
one side than on the other. The external features of the shell 
consequently vary considerably, and on this account the forms 
included under the term MUiola are now regarded as constituting 
a number of distinct genera to which the following names have been 
given : — BilocuHnOj FabiUariay SpiroloctUina, MiHolina^ QuinqvslocU" 
liruty etc. Trias to present day. Ex. MUioltna seminulum, Eocene 
to present day ; BUocvlina ringens^ Eocene to present day ; Spiro- 
locvlina planulata, London Clay to present day. 

Orbitolites. Shell discoidal, generally rather large, composed 
of either a small spiral part at the centre, or of one or more large 
central chambers, around which are many concentric rings divided into 
numerous chambers ; the chambers of adjacent rings communicate 
by radial openings, and at the external margin of the last ring are 
pores opening to the exterior. Above and below this layer of 
chambers there may be another layer of smaller chambers, arranged 
concentrically. Upper Cretaceous to present day. Ex. 0, compla- 
nata. Eocene. 

Alveolina. Shell fusiform or elliptical, sometimes nearly 
globular, composed of many whorls coiled around the long axis of 
the shell ; each whorl completely covers the one preceding it, and is 
divided into long chambers by partitions parallel with the axis of 
the shell ; these are divided into smaller chambers by partitions at 
right angles to the others. Chalk to present day ; chiefly Eocene. 
Ex. A. hosci^ Eocene. 

II. Arenaceous Forms, 

llcomposed of grains of sand cemented together 
by chitinousT'iealt^a^eous, or ferruginous material. 

Saccamina. ShelKj^^^^y fr®®> compact, formed of a single 
spherical, pyriform, or fusifoi^n chamber with a projecting aperture, 
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or of a number of chambers united end -to end. Surface smooth or 
nearly smooth. Ordovician, Carboniferous, and living. Ex. S. 
ftisulimformis {=carten)f Carboniferous Limestone. 

laituola. Shell free, composed of coarse grains, spiral or 
crosier-shaped. Septa labyrinthine. Aperture simple or sieve-like. 
Carboniferous to present day. Ex. Z. nautiloidea^ Chalk. 

Orbitolina. Shell partly sandy, conical or flattened, with 
convex upper, and usually concave lower surface ; consisting of 
central compressed chambers surrounded by concentric rings of 
chambers. Cretaceous. Ex. 0, concava^ Upper Greensand. 

£indoth3n^a. Shell free, spiral (similar to Rotalia) ; chambers 
numerous, composed of an outer calcareous, perforated layer, and an 
inner compact layer formed of small grains cemented together. 
Aperture at the inner margin of the last chamber." Carboniferous 
to Trias. Ex. E, bonmianiy Carboniferous Limestone. 

Teztularia. (fig. 2, E.) Shell arenaceous (in the small forms 
it is vitreous); form variable, conical, pyriform, or cuneiform; 
composed of numerous chambers in two alternating parallel series. 
Aperture slit-like on the inner edge of the last chamber. Cambrian 
to present day. Ex. T, glohvlosa^ Chalk. 

III. Vitreous Forms. 

Shell calcareous, vitreous, perforated by numerous 
minute canals for the passage of the pseudopodia. 

laagena. (fig. 2, F.) Shell unilocular, very finely perforated. 
Form globose, ovate or flask-shaped. A single terminal aperture, 
sometimes at the end of a long neck ; rarely two apertures. Surface 
smooth, ribbed, striated, or spinous. Cambrian to present day. 
Ex. Z. striata^ London Clay to present day, L. stUcatay Silurian 
to present day. 

Nodosaria. (fig. 2, £[.) Shell composed of a number of 
chambers arranged in a straight line, and separated by consiiHctions. 
Aperture at the apex of the last chamber. Surface smooth or 
ornamented with granules, spines, or ribs. Cambrian to present 
day. Ex, A^. zippei, Gault and Chalk. 
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Cristellaria. (fig. 2, G.) Shell compressed, lenticular or 
elongate, multilocular, coiled in a plane spiral; each coil usually 
covers the one preceding it. Cambrian to present day. Ex. C, 
rottUatay Chalk. 

Globigerina. (fig. 2, /, K.) Shell perforated by large canals ; 
chambers globular, few, arranged in a plain or helicoid spiral, each 
chamber opening by a large aperture into a central cavity. No 
supplemental skeleton. Cambrian to present day. Ex. O. cretacea^ 
Chalk. 

Orbulina. Shell spherical, with perforations of two sizes. 
Sometimes with smaller chambers inside the large spherical one. 
Lias to present day. Ex. 0. universa^ Lias to present day. 

Rotalia. (fig. 2, Z, M.) Test very finely perforated, multi- 
locular. The chambers arranged in a helicoid spiral, so that on the 
upper surface all the whorls are seen, on the lower only the last one. 
The aperture is in the form of a curved slit on the lower surface of 
the last segment. The septa are usually formed of two layers. 
A supplemental skeleton is often present. Lower Cretaceous to 
present day. Ex. R. beccari, Miocene to present day. 

Calcarina. Test lenticular, spiral, with only the last whorl 
visible on the base. Supplemental skeleton greatly developed, 
traversed by numerous canals, and projecting as long spines from 
the margin. Chalk to present day. Ex. C. calcitrapoides, Chalk. 

FUBUlina. Shell fusiform, composed of elongated whorls ; 
each whorl completely covers the preceding one, and is divided by 
septa into a number of chambers, which may be again divided into 
smaller chambers. Adjoining chambers communicate by ^ slit at 
the middle of the base of the septum. Septa folded, each consisting 
of a single layer. Aperture in the form of a fissure. Carboniferous 
and Permian. Ex. F, cylmdrica^ Carboniferous Limestone. 

Amphistegina. Shell lenticular, with sharp edge ; the upper 
and lower surfaces unequally convex ; formed of numerous chambers 
coiled in a plane spiral, each coil almost completely enclosing the 
preceding one. Septa formed of a single layer. Supplemental 
skeleton at the centre of the shell. Aperture similar to that of 
Rotalia, Carboniferous, and Miocene to present day. Ex. A. 
hatteriy Miocene. 
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IVummulltei. (fig- 3.) Shell lenticular in form, and com- 
posed of a large number of whorla coiled in a plane spiraL Usually 



Pia. 5. N^tnoMiliUi, showing vertical and horizontal saotionB. a, mar- 
ginal cord, with sjBtem of canals ; b. septum, with canals ; c, cbam- 
bert; d, test; t, pillars coming ttom the supplemental skeleton. 
(After Zittel.) Enlarged. 

each whorl completely covers the preceding one by means of the 
- lateral prolongations of the chambers, so that eitemally only the 
last whorl of the shell is visible. The whorls are divided into 
chambers (c) by septa (6) which are slightly curved backwards; 
each chamber communicates with the neighbouring one by means of 
a median fissure at the inner margin of the septum. Each septum 
is formed by two lamellse. A supplemental skeleton is present, 
part of it forming what has been termed the 'marginal cord' (a). 
The general sheU-subatance is minutely perforated, and a system of 
canals also traverses the septa and supplemental skeleton. Aperture 
in the form of a slit at the inner mai^in of the last chamber. The 
earliest species of NummuUtei occurs in the Carboniferous Limestone 
of Belgium; others have been recorded fi-om the Upper Jurassic of 
Amberg (Bavaria); the genus attains its maximum in the Eocene; 
only one or two rather rare forms are living, one of which {N, eam- 
mingi) is found in shaUow water in tropical and sub-tropical r^ons. 
In %he English Eocene the genus is found in the Barton and the 
Bracklesham Beds. Ex. fT. Itsmgatua, Bracklesham Bods. 
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Operculina. Similar to NummvliteSy but whorls fewer and 
rapidly enlarging; each whorl not completely enclosing the pre- 
ceding one. Cretaceous to present day. Ex. 0, complanata, 
Miocene. 

Orbitoides. Test lenticular or discoidal, composed of a 
median layer of rectangular chambers arranged in concentric rings 
which are often incomplete ; the chambers of adjacent rings com- 
mmiicate by oblique passages. Above and below this layer are 
numerous layers of smaller chambers ; these chambers are flattened 
and irregular in form, placed one above the other in piles, and 
arranged more or less concentrically. The test is minutely per- 
forated, and canals traverse the septa and marginal cord as in 
Nummulites ; the septa are also formed of two lamellae. Chalk to 
Miocene ; chiefly Eocene. Ex. 0. papyrcuiea^ Eocene. 

Distribution of the Foraminifera. 

The majority of the Foraminifera are marine, most of 
them living on the sea-bottom. A few however, as for 
instance Qlobigerinay exist at or near the surface in the 
open ocean, and these are very important on account 
of their abundance. The distribution of the Foraminifera 
which live in the open ocean, as well as those found in 
shallow water, is influenced largely by temperature ; the 
former are more numerous in the courses of the warm 
ocean-currents than in colder water, whilst the species of 
the latter often have their range restricted by tem- 
perature. 

Foraminifera are found in the Cambrian rocks, but 
they are comparatively rare until we reach the Car- 
boniferous, some beds of which are formed largely of them, 
as for instance, the Saccamina-limestone of the north of 
England and Scotland, the Eiidothyra-limestone of North 
America, and the ^i/5uZma-limestone of Russia, America 
etc. The Foraminifera are mostly of small size in the 
Permian of England ; they are comparatively rare in the 
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Trias, but become abundant in the Jurassic, where, how- 
ever, rock-building types are generally absent In the 
Lias the introduction of numerous vitreous forms {Nodo- 
saria, Cristellaria etc.), many of which appear to be allied 
to species now living in tropical or warm-temperate regions 
only, is noteworthy; some porcellanous forms belonging 
to the Miliola group are also fairly common. A larger 
number of genera and species are found in the Middle 
and Upper Jurassic than in the Lias. 

The Order Continues to be well represented in the 
Cretaceous formations, particularly in the Gault and 
Chalk — Orbitolina, Calcarina, Globigerinay Rotalia etc. 
being common. Some of the beds of the Chalk, especially 
the Micraster zones and the Chalk Rock, are largely 
composed of Foraminifera such as Qlobigerina, Teoctularia, 
Bolivinay Flabellina. 

The Foraminifera attain their greatest development 
in Tertiary and recent times. Li the Eocene the genus 
Nurn/invlites is extremely abundant, forming the massive 
Nummulitic Limestone of Southern Europe, Eg)rpt, Asia 
Minor, and the Himalayas; Miliola, Orbitolites, Alveolina, 
Operculina, and Orbitoides are also important rock-building 
forms in the Eocene period. In the English Eocene, 
Foraminifera are numerous in the Thanet Sands and the 
London Clay; in the Barton and Bracklesham Beds Num- 
mulites, Miliolina, Alveolina etc. occur. Amphistegina is 
abundant in the Miocene. A large number of forms occur 
in the Pliocene deposits of East Anglia and of St Erth in 
Cornwall. 

The genera and species of the Foraminifera have 
generally, as might be expected from their low organisa- 
tion, a long range in time; some of the species which 
occur in the PalsBOzoic are still living. 
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OBDEK II. BADIOLARU. 



In tho Eiidiolttriii the body conaists of a central mass of 
pnitoplasin, encloaod in a membrane known aa the central 
cupsitle (fig- 4, a). The intracapsular protoplaam contains 



Fm. 4. /M<.»f>Wt» ii>ftmit. x 3S>. Beecnt tAftar BiitocUL) 1. 
»ktfl*l(>n i 3. r»ubn>] vAiisal*- : ». nocleuB. Pseodc^todu pmiect baa 

()ih> lur luitfi' niioK'i. aiid i$ continuous, ihrvHigh pores in 
th<' «:«|e«iK\ wiih » lawr of }v\iloplasiu wiiside the cap- 
siiU*; thi« la\vr gix'^'s *>ff ihreeid-like pseiuiopodia, which 
i«ci:»sii.mj»lly nniuv A sk^k'itto ifig. 4. l) is geoeraily 
(ti'wk^nxl, c««mptiis«<i) eithor of sttioi. <*■ a peculiar Ikmut 
^i)^M)Ct> kiKktm »:$ acmithin. Ttie lv>na of the ^eleltMi 
\'Mmt$ <i»iit«)(ii.-i^Hv i|ti^. 5k it mar W eniiivly oui^^de the 
o-itsr*) ii^|>ciiili- fW- jMnly viiftcn. ximI cy«isi;;iis ^inher of 
t$kiltAirit>t sjiiwik'Sk tir (>if a Utl3KV-ttke sWucinre nJf \aiyiiig 
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have El very wide distribution in the sea, where they are 
found in all climates and at all depths, showing the 
greatest variety of form in tropical regions. In some of 
the dfeeper parts of the Pacific and Indian Oceans the 
shells of these animals, after death, fell and accumulate 
on the sea-bottom, forming a siliceous deposit known as 
' Badiolarian ooze,' 

Cayeux has recently described as Kadiolaria some 
bodies found in the Pre-Cambrian rocks of Brittany ; they 
are much smaller than later forms of the group, and are 
thought by some authors to be simply inorganic aggrega- 
tions. 

In Britain the earliest examples of the Radiolana occur 
in the Ordovician rocks of the south of Scotland, where 
they form beds of chert; others which are perhaps of 
nearly the same age, have been found in a chert fi-om 
Mullion Island (off the west coast of the Lizard). A few 



a. 5. Foisil Badiolaria. A, Lithoeampe tiehtmysehaei, Deyonian. 
B, TTockodi$eai longiipinui, Carbon iferona. C, Podocyrtia ickom- 
burgki, Barbados Earth (Tcrtiarj). All largel; mogDiGed. 
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specimens have been noticed in the Carboniferous Lime- 
stone of Flintshire, whilst in the Lower Culm of Devon 
and Cornwall these organisms contribute largely to the 
formation of thick beds of siliceous rock (cherts, etc.).' At 
several localities on the continent Radiolaria are fairly 
common in the Mesozoic formations, but in England only 
a few have been recorded from the Lias, iiie Lower Green- 
sand, the Upper Greensand, the Cambridge Greensand, 
and the Chalk. In the Tertiary some have been obtained 
from the London Clay of Sheppey. A very important 
Radiolarian formation of late Tertiary age covers large 
areas in the Island of Barbados, and is known as the 
'Barbados Earth'; it resembles very closely the modem 
Radiolarian ooze mentioned above, and is probably a deep- 
sea deposit. 



PHYLUM PORIFERA. 

Classes, Orders, 

1. Hexactinellida. 

' 1. Myxospongida. 

2. Geratosa. 

8. Monaxonida. 

2. DemospongisB \ 4. Tetractinellida. 

5. Lithistida. 

6. Octactinellida. 
V 7. Heteraotinellida. 

3. Galcarea (Caloispongi®). 

Sponges vary greatly in form, size, and complexity of 
structure. A simple type is similar to a vase or hollow sac, 
fixed by the lower end, and with an opening or osculum 
at the upper extremity. The wall of such a sponge is thin, 
and perforated by a large number of pores through which 
water flows into the central or gastral caw^y and passes 
out by the osculum ; by this means the sponge is provided 
with food and oxygen and gets rid of waste matters. The 
wall of the sponge consists of two layers — an outer or 
dermal and an inner or gastral) the dermal (fig. 6, 2) is 
formed of a surface-layer of flattened cells, with a gelatinous 
layer beneath containing various cells, some of which give 
rise to the skeleton. The gastral layer (fig. 6, 3) con- 
sists of a single layer of cells, each cell being provided 
with a collar-like projection, in the centre of which is 
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a long flagellum; the circulation of water through the 
sponge is produced by the movements of these flagella. 
A simple form like that just described is found in the 




l:r 



Fio. 6. Vertioal section through Leucosolenia, Highly magnified. 
(From Minchin.) 1. Sieve-like membrane covering the oscolom; 
2. Outer layer; 3. Collar or flagellated cells (the pointer should have 
been continued to indicate the cells lining 5); 4. Spicules; 5. Gkistral 
cavity. 
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young stages of many sponges which afterwards, in their 
adult condition, are much more complex. Owing to the 
growth of the 8ponge-waII being unequal in different parts, 
either folds or tube-like projections are formed, and these 
subsequently become more or less completely fused, so 
that the wall is much thickened (fig. 7) and is traversed 
by canals which are really spaces enclosed between the 
folds and outgrowths. In such forms the fiagellated celts 



Fio. 7. SeclioD of a portion of Grantia. Higbl; mt^nified. (From 
Dendf.) 1. Openings of inhslent canals; 2, Inhalent canal; 
S. Openings of inbtJent canals into flagellated chamber ; 4. Fli^el- 
lated ohamtwr; 6. CoUar cells; 6. Spicules ; T. Exhalent opening 
of flagellated chamber. 

are fi-equently confined to chambers in the sponge-wall 
(fig. 7. 4). Canals, called incurrent or inkalent canals (2), 
pass fix)m the surface of the sponge to these chambers, and 
others, the excurrent or exhalent canals, may lead fi^m th^ 



82 PORIFERA. 

chambers and open into the gastral cavity. Further 
complications, such as branching of the canals, may occur. 
The thick wall of these more complex sponges is formed 
mainly of the gelatinous layer. 

In a sponge consisting of a single individual, the form 
depends mainly on the relative rates of growth in different 
directions, and may be cylindrical, vase-like, globular, 
discoidal, etc. In a compound sponge the form depends 
also on the way in which the young individuals of the 
colony are attached to the parent, and in addition, on their 
remaining free or becoming fused together ; in the latter 
case the individuals of the colony are frequently dis- 
tinguishable by their oscula only. When the individuals 
remain free, arborescent or bushy colonies may result. If 
they become ftised, the sponge may be fan-shaped, funnel- 
shaped, cup-like, tubular, mushroom-shaped, massive, en- 
crusting, etc. 

Nearly all sponges are attached to some foreign object 
— generally by the base of the sponge, but in forms which 
are fixed in the mud, especially deep-sea forms of the 
Hexactinellida, and in some Tetractinellida, this fixation is 
by means of a root-tuffc or rope. 

In nearly all sponges there is a skeleton, which serves 
to support the canals and chambers and also for protection. 
This skeleton may consist of fibres of a homy substance, 
similar to silk in composition, and known as spongin, or of 
mineral particles, termed spicules (fig. 8), composed of 
carbonate of lime or of silica; or it may consist of both 
siliceous spicules and spongin. Those forms only which 
have either a siliceous or calcareous skeleton are definitely 
known as fossils. Each spicule consists of a number of 
rays or arms, coming oflf from a centre, which is the point 
where the formation of the spicule commenced. In some 
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groups, as for instance in the Monaxonida and Tetracti- 
nellida, the spicules are not united or are joined by 
spongin only; but in others they are fused together or 
interlocked so as to form a complete scaffolding, and 
generally it is in these only that the external form of the 
sponge has been preserved in the fossil state. In most 
siliceous sponges, two kinds of spicules may be dis- 
tinguished, the skeletal'Spicules or megascleres which build 
the main part of the skeleton, and the flesh-spicules or 
microscleres which are smaller and isolated and are seldom 
preserved as fossils. In the centre of each spicule there 
is a canal known as the aadal canal (fig. 8, c), which in the 
living sponge is occupied by a thread of organic matter ; 
this is the first part of the spicule to be formed, the 
mineral matter subsequently appearing around it. 

The spicules of recent siliceous sponges are characterised 
by the glassy appearance of their surface, and by the silica 
being colloidal, isotropic, and soluble in heated caustic 
potash. But in the fossil state the spicules have generally 
undergone considerable change ; occasionally their silica is 
still colloidal but the surface has no longer the glassy 
appearance, and the axial canal is fi'equently filled with 
secondary silica in a crystalline or ciypto-crystalline con- 
dition, and is tjonsequently easily distinguished by the aid 
of polarised light when the spicule itself still remains 
colloidal. Generally, however, the spicule has become 
crystalline or crypto-crystalline, and in such cases the axial 
canal can rarely be detected since it is filled with material 
in the same condition. Sometimes the silica of the spicules 
has been entirely removed, a hollow cast only remaining ; 
in other cases it is replaced by another mineral, as for 
instance by calcite in the sponges fi'om the Lower Chalk 
of Dover and Folkestone, by iron pyrites in Protospongia 

w. p. 3 
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a. 8. Spocge gpicales (ekeletal). a. monaionid, HalUhondria panicea, 
BeceDt. b, tetractinellid, PaohattTtUa, Upper GreenBODd. c, te- 
trBctineUld. Geoditea, Eoceae. il, litbistid, Scytalia radiciformu. 
Chalk, e, lithiBtid, Seliscothon tnantelU. /, heiactinellid, Calop- 
tychimn agarinoidet. Chalk, g, octaalioellid, Aitraotptmgia, Silariaii. 
h, heteractinellid, Atieractinella expanta, Corboniferoas. j, calci- 
sponge, Grantia compreasa, Recent. All magnified. 
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from the Menevian Beds of St David's, by iron peroxide 
in the sponges of the Upper Chalk of the south of 
England, and by glauconite in some from the Upper 
Greensand. Obviously then, the colloidal silica of recent 
sponges is anjrthing but a stable substance, thus diflfering 
widely from crystalline and crypto-crystalline silica. 

The spicules of the calcareous sponges are usually 
smaller than those of the siliceous forms, and their material 
is not in an isotropic state, but each spicule possesses the 
optical characters of a crystal of calcite ; consequently in 
polarised light these spicules are readily distinguished 
from unaltered siliceous forms, which appear dark between 
crossed Nicol-s prisms. Then again the fossil calcareous 
spicules have undergone much less chemical change than 
the siliceous ones; generally they are still composed of 
carbonate of lime, for it is only in rare cases that this is 
replaced by silica. The external form of the individual 
calcareous spicules is, however, often less well preserved 
than in the case of siliceous spicules. 

The forms of sponge spicules, both megascleres and 
microscleres, are very varied, but they can be shown to be 
modifications of a small number of tjrpes or fundamental 
forms. The spicules, on account of the constancy of their 
characters, are of great importance in the classification of 
sponges. 

The canal-system is indicated in the skeleton of both 
recent and fossil forms, by spaces in the fi:umework of 
spicules or spongin, but these spaces represent only the 
larger canals, the smaller existing in the soft parts 
alone. 

Reproduction in the sponges takes places by budding 
and by the production of ova and spermatozoa. 

Various classifications of the sponges have been pro- 

3-2 
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posed by diflferent authors ; in the one adopted here the 
divisions* are based primarily on the characters of the 
skeleton. Three classes are recognised, (1) Hexactinellida, 
(2) DemospongiaB, (3) Calcarea. 



CLASS I. HEXACTINELLIDA. 

The spicules in the Hexactinellida (fig. 8,/) consist of 
three axes crossing at right angles to one another; in 
primary forms there are consequently six rays of equal 
length proceeding from a centre. E^h ray is traversed 
by an axial canal, and these unite at the point of junction 
of the six rays. Various modifications are produced by 
some of the rays being longer or shorter than the others, 
or almost absent ; and also by the branching of the rays 
and the occurrence of spines, knobs, etc. The spicules may 
remain fi'ee or they may be fused with one another by 
a deposit of secondary silica, but they are never united by 
spongin. When spicules with equal rays are united end 
to end, skeleton-cubes are formed, each cube consisting of 
eight spicules (fig. 8,/). Flesh-spicules are abundant, but 
are seldom found fossil. Some of the spicules form a layer 
near the external surface of the sponge for the support of 
the dermal membrane ; others form a similar layer near the 
internal surface; the spicules which constitute the main 
part of the skeleton occur in the middle of the sponge- 
wall and serve to support the canals and flagellated 
chambers. The spicules which form the root-tuft by which 
many Hexactinellids are fixed, are long and thread-like. 
The canal-system is usually simple. 

The earliest form is Protospongia bom the Menevian 
Beds of St David's ; Hyalostelia is found in the Tremadoc, 
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and also occurs in the Ordovician, Silurian, and Car- 
boniferous. In the Silurian the genera Dictyophyton and 
Pkarmosella are present. There are none in the Permian 
and Trias, but they become abundant in the Jurassic, 
especially in the upper part, and iilso in the Cretaceous ; 
they are rare in the Tertiary. The sponge -character of 
■ the Silurian and Devonian genera Ischadites, Receptacu- 
lites, and Spluxrospongia, which have been placed by some 
authors in this Order, is now disputed. 

Protoipongia. (lig. 9.) Form unknown but probably cup- 
sbaped Spicules cruciform, owing to the reduction of one axia, and 
arranged in a quadrate manner, the larger forming a framework, 
which contains the smaller spiculea of two or three sizes, arranged in 
the same regular way, so that the larger squares enclose four or five 
series of smalltn- oues. The spicules were either free or probably 



Fio. 9, Prototpongia ftnutrata, Menevian Beds, 8t David's. xSf, 
After Einde. The oiigiDsl in tbe British Museum. Oning to the 
desvBge of tbe rocfc the anglea of the apionlea are diskirted. 

partly fused together. Menevian Beds and Lingula Flags. Ex. 
P.faiettrata. 

Cratlcillarla. Cup-shaped or cylindrical ; simple or branch- 
' ing. On both the inner and outer surfaces of the wall are circular 

or oval canal-openings, which are arranged in vertical and transverse 
g each other at right angles. Canals straight, temiiuatiQg 
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blindly. Inferior Oolite to Upper Chalk (perhaps also Miocene). 
Ex. Cfittoni^ Chalk. 

Ventriculites. Simple, form variable, but usually cup- 
shaped, funnel-shaped, or cylindrical. Central cavity large and 
deep. Walls folded so as to form a series of vertical grooves and 
ridges. Canal-system well developed ; the radial canals are large and' 
start from the central cavity, but end before reaching the outer sur- 
face ; others start from the outer surface, and end before reaching the 
central cavity. Spicules six-rayed and fused with one another so as 
to form a mesh-work. The node where the axes cross is hollow, having 
the form of a negative octahedron, the central part of each face of 
which is absent; the axial canals cross in the centre of the octa- 
hedral space. The sponge was provided with a root consisting of 
siliceous fibres. Upper Chalk. Ex. F. radtatuSf V. impressus. 

Plocoscyphia. Sponge formed of tubes and laminae which 
anastomose, forming an irregular or rounded mass. Canal-system 
imperfect. Upper Cretaceous. Ex. P. /ewe^^ra^a. Upper Greensand 
and Chalk Marl. 

CLASS II. DEMOSPONGIiE. 

The skeleton consists of siliceous spicules, or of 
spongin, or of both spicules and spongin. In some forms 
there is little or no spongin, but in others the entire 
skeleton consists of spongin with no siliceous spicules ; 
between these extremes there is a complete passage. The 
spicules are never of the hexactinellid tjrpe. In some few 
cases both spicules and spongin are absent. 

Order 1. Myxospongida. Sponges with no skeleton 
or occasionally with a few isolated spicules. Not known 
. in the fossil state. 

Order 2. Ceratosa^ Sponges with a skeleton com- 
posed of a fibrous network of spongin. This includes the 

1 The Orders 2 to 7 (or in some cases 3 to 7 only) are by some authors 
grouped together as the Silicispongia, 
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ordinary bath sponges, etc., and is unknown in the fossil 
state. 

Order 3. Monaxonida. The skeleton is formed of 
spongin and spicules in varjdng proportions. The spicules 
(fig. 8, a) consist of a single rod or axis, which may be 
straight or curved, and with sharp or blunt ends; each 
spicule may consist of two rays or of one ray only. In the 
former the two ends of the spicule are alike and there 
is a Bmall swelling of the axial canal at the centre of the 
spicule where growth commenced ; in the latter the two 
ends are dissimilar and the swelling in the axial canal is 
at one end of the spicule, and growth went on in one 
direction only. Microscleres or flesh-spicules may also 
occur but are often absent. Since in this Order the 
spicules are only united by spongin or other decomposable 
material, it is extremely rare to find the form of the sponge 
preserved fossil ; usually, detached spicules only occur. 

The earliest representatives of the Monaxonida are 
found in the Silurian ; the Order becomes more abundant 
in the Carboniferous, where the genus Reniera occurs. 
The fi'eshwater form Spongilla is found in the Purbeck 
Beds of the south of England. A large number of Mon- 
axonid sponges are still living. 

Order 4. Tetractinellida. The spicules (fig. 8, 6, c) 
consist of four rays given oflf fi'om a common centre, the 
angle between the rays, when the end of one is taken as 
a central point, appearing to be 120°. The rays may be 
equal or unequal in length ; fi'equently one is very much 
elongated (fig. 8, c), and in such forms the three shorter 
rays are placed near the surface of the sponge-wall and 
the longer ray is directed inwards. Sometimes the termi- 
nations of the rays are bifurcated. Spongin is either 
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absent or occurs in minute quantities only, and since the 
spicules are not united, the Tetractinellids, like the 
Monaxonids, are seldom preserved in anything like a 
perfect condition as fossils. The oldest forms occur in 
the Carboniferous Limestone, where they are represented 
by the genera Oeodites and Pachastrella, 

Order 5. Lithistida. The Lithistids have ihick 
stony walls and very variable external form. The spicules 
(fig. 8, d, e) are stout and irregular in form, but someiimes 
show four rays; the extremities branch or expand, and 
by that means the spicules become firmly interlocked 
with one another, but do not fuse together. These 
irregular spicules (sometimes termed desmas) are formed 
by secondary silica being deposited on small spicules of 
the ordinary kind, which may be four-rayed or consist of 
a single axis. In addition to these irregular spicules there 
is generally a surface layer or cortex formed of trifid 
spicules like those in the Tetractinellids. Flesh-spicules 
are also present. Several different types of canal-system 
occur. The Lithistids are sometimes regarded as a division 
of the Tetractinellida. 

Owing to their solidity the Lithistids are preserved 
abundantly as fossils. They are rare in the Palaeozoic, the 
earliest form being ArchcBOScyphia, found in the Upper 
Cambrian of Canada; in the Ordovician and Silurian 
Astylospongia occurs ; in the Carboniferous Doryderma, etc. 
No forms belonging to this Order have been found in the 
Devonian, Permian, or Trias; they are numerous in the 
Jurassic, attain their maximum in the Cretaceous, and are 
scarce in the Tertiary. 

Verruculina. Irregular, fan- or funnel-shaped, attached by 
a short stalk. Oscula placed on prominent elevations on the upper, 
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and sometimes also on the under surface. Spicules small, inter- 
lacing and forming a fibrous network. Ex. F. r&ussi, Upper Chalk. 

Pachinion. Cylindrical or club-shaped, tapering at its lower 
part to a short stem. Central cavity large and deep, with vertical 
canals opening into its base. Wall formed of anastomosing fibres, 
between which are irregular spaces — there are no distinct canals ; 
fibres formed of large spicules, branched and interlaced. There is 
also a surface layer composed of small spicules. Chalk. Ex. P, 
scriptum, Upper Chalk. 

SC3rtsllia> Simple, or formed of two or more individuals 
growing close together; cylindrical or club-shaped, with a thick 
wall and a cylindrical stem. Central cavity^ tube-like, long, con- 
tinued at its base by several vertical canals ; numerous radial 
canals open into the central cavity and taper toward the external 
surface. Spicules branching, with root-like prolongations. Chalk. 
Ex. S, radiciformis, 

Seliscothon. Mushroom-like, consisting of a flat or concave, 
circular, plate-like body, and a rounded tapering stem. The circular 
body has rounded or oblique edges, and nimierous, small, rounded 
oscula on the upper surface ; it is formed of fine vertical radiating 
lamellae, separated by spaces crossed by fibres — these spaces forming^ 
the canal-system. Spicules fine, branching irregularly, with bifiur- 
cating extremities, and covered with tubercles or spines. Chalk. 
Ex. S. planus. 

Dory derma. Cylindrical, pear-shaped, sometimes branching. 
There are parallel vertical canals opening at the summit of the 
sponge, and smaller radial canals extending from the surface towards 
the centre. Spicules large, of various forms ; also a dermal layer 
formed of slender trifid spicules. Carboniferous and Cretaceous. 
Ex. D. henetti^ Upper Greensand. 

Siphonia. (fig. lO.) Pear-shaped, usually provided with a 
stalk, which is given off* from the broad end of the body and termi- 
nates in rootlets. The incurrent canals are small, slightly curved, 
and extend radially from the centre of the sponge to the surface. The 
excurrent canals are larger, and are arranged parallel with the surface 
of the sponge, extending from the base to the summit, where they 
open into the large central cavity by means of a series of parallel 
ostia. The skeletal-spicules possess four rays with bifurcated and 
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expanded eitremitiea, bj means of which they are interlocked. 
Upper Greenaand to Upper ChaJk. Ex. S. tvlipa. Upper Qreen- 



Pio, 10. Siphoiiia tulipa. Tipper QraenBand, Warminster. A, vertical 
section. B, horizoDtnl section, e, eicniTGnt canals ; i, inBuirellt 

Halllrlioa. Like Siphonia but with the sides divided ioto 
lobes. Upper Greeuaond. Ex. ff. cottata. 

Order 6. Octactinellida. The spicules (fig. 8, g). 
conBist of eight rays, six of which are in one plane 
diverging at equal angles, while the other two are at right 
angles to this plane, forming a vertical axis. Frequently, 
however, the vertical axis is only slightly developed or ■ 
altogether absent. The spicules are not united. The 
only genus is Astrceospongia, found in the Silurian and 
Devonian. 

Order 7. Heteractinellida. The spicules are un- 
usually large (fig. 8, A), the number of rays varying from 
six to thirty. The body spicules are not fused, but there 
is a surface layer in which the spicules are interwoven and 
more or less fused. The only genera are Tkoliasterella 
and Astetactinella, found in the Carboniferous rocks of 
Ayrshire. 
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CLASS III. CALCAREA. 

(CALCISPONGIiE.) 

The skeleton consists of spicules composed of carbonate 
of lime in the condition of calcite. The spicules are 
usually much smaller and less varied in form (fig. 8, j) 
than those of the siliceous sponges, and cannot be separated 
into megascleres and microscleres. There are three kinds, 
the simple uniaxial, the three-rayed, and the four-rayed ; 
they are seldom fused with one another, and are either 
arranged close together so as to form fibres, or they are 
loosely distributed. Spongin is never present. The earliest 
forms in Britain occur in the Carboniferous rocks of Fife- 
shire. 

Peronidella. Cylindrical, simple or branched ; central cavity 
tubular and extending fi'om the summit to the base of the sponge. 
Walls thick and with no definite canals, but having irregular spaces 
between the spicular fibres. Spicules three or four-rayed, forming 
anastomosing fibres. Carboniferous (possibly also Devonian) to 
Cretaceous; most abundant in the Jurassic and Cretaceous. Ex. 
P. pistiUiformiSy Great Oolite and Combrash. 

Coryhella. Form similar to Peronidella, Radial excurrent 
Canals open into the central cavity, which often does not extend to 
the base of the sponge, but is continued downwards by vertical 
canals. Incurrent canals fine, directed obliquely downward. Osculum 
usually with radial furrows. Jiurassic and Cretaceous (? Trias). Ex. 
C, foraminosa. Lower Greensand. 

Holcospongia. Simple or compound: individuals usually 
spherical, hemispherical, or club-shaped; their summits rounded, 
with a central area into which a number of excurrent canals open, 
and from which furrows extend down the sides of the sponge. 
Spicules large and three-rayed, and some also filiform ; and a surface 
layer of three-rayed spicules, of various sizes, felted together. 
Inferior Oolite to Cretaiceous. Ex. H, politOy Corallian. 
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ESlasmostoma. Leaf-like, sometimes cup- or funnel-shaped, 
walls thin. The upper (or concave) surface covered with a smooth 
dermal layer containing the openings of the oscula ; under surface 
porous, without a dermal layer. Generally there is no canal-system. 
Spicules large, three-rayed, with other smaller thread-like spicules. 
.Great Oolite to Chalk. Ex. E. acutimargo, Lower Greensand. 

Barroisia. Usually compound and bushy. Individuals cy- 
lindrical, each divided into a series of chambers by transverse 
partitions, which have a central circular opening, through which 
a tube usually passes. Canals simple, numerous, minute. Spicules 
slender, three-rayed ; also a surface layer of larger spicules. Lower 
Greensand to Chalk. Ex. B. anastomans, Lower Greensand. 



Distribution of the Pori/era. 

The Sponges are all aquatic, and with the exception of 
the Monaxonid genus Spongilla and its allies, all marine. 
They are found in the seas of all parts of the world and are 
more numerous between the shore-line and 200 fathoms 
than at greater depths; many of the genera have a 
very wide distribution. All the Orders except the Octac- 
tinellida and the Heteractinellida have living repre- 
sentatives. The Monaxonids are abundant between the 
shore-line and 200 fathoms, and gradually decrease in 
numbers beyond that limit. The Tetractinellids also 
characterise water of less depth than 200 fathoms, but 
extend down to 2000 fathoms. The Lithistids range from 
7^ to 1075 fathoms, and are most abundant between 100 
and 150 fathoms, but some species occur at greater depths. 
The Hexactinellids occur in deeper water than the Lithi- 
stids, being found down to a depth of 2900 fathoms ; but 
they are abundant between 100 and 200 fathoms, and again 
between 300 and 700 fathoms. The Calcarea are mainly 
shallow water forms. 
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The fossil forms are comparatively rare in the Palaeozoic 
rocks until we reach the Carboniferous ; and throughout 
the geological formations they are much less abundant 
in argillaceous than in calcareous and arenaceous rocks. 
Sponges are first found in the Lower Cambrian rocks ; the 
earliest British form is Protospongia from the Menevian 
Beds and Lingula Flags ; in the Tremadoc the Hexacti- 
nellid genus Hyalostelia occurs, ranging onwards as far as 
the Chalk. In the Ordovician we have, in the Llandeilo 
Beds, the first appearance of Ischadites (see p. 37) asso- 
ciated with Hyalostelia ; in the Bala Beds we meet with 
Astylospongia. The most abundant Silurian form is 
Ischadites; Astrceospongia, Phormosella, and Hyalostelia 
also occur. Sponges are rare in the Devonian, but Astrceo- 
spongia, Sphcerospongia, and Recepta^ulites have been 
recorded. In the Carboniferous rocks, sponges become 
much more common, the siliceous spicules often forming 
thick beds of chert: the Monaxonids are represented by 
Reniera, the Tetractinellids by Oeodites, the Lithistids 
by Boryderma, the Hexactinellids by Hyalostelia, and 
the Heteractinellids by Tholiasterella and Asteractinelia, 
Sponges appear to be absent in the Permian; and they are 
rare in the Trias, except in the St Cassian Beds of the 
Tyrol, where the Calcarea are numerous. 

In the Jurassic, sponges are extremely abundant ; the 
only Monaxonid is Spangilla from the Purbeck Beds; 
Lithistids and Hexactinellids although common in Ger- 
many and Switzerland are comparatively rare in England ; 
the first group is represented by Platychonia, the second 
by GraticiUaria, Verrucocoelia, etc. ; the Calcarea are 
numerous in this country as well as in France and Ger- 
many, common genera being Peronidella, Corynella, and 
Hokospongia, The occurrence of Hexactinellids in the 
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Inferior Oolite is noteworthy, since other evidence shows 
that that deposit was laid down in shallow water, but at 
the present day Hexactinellids are characteristic of deep 
water. 

Sponges are more abundant in the Cretaceous than in 
any other system ; in England they are found chiefly at 
four horizons : — (1) in the Lower Greensand of Faringdon, 
Upware, Kent, and Surrey, where the Calcarea are much 
better represented than the other groups, Peronidella, 
Elasmostoma, and Raphidonema being common forms: 
(2) in the Upper Greensand and Chloritic Marl of War- 
minster, Blackdown, Haldon, and the Isle of Wight, where 
the Lithistids (e.g. Doryderma, Siphonia, Hallirhoa) are 
very abundant, exceeding the Hexactinellids (e.g. Craticu- 
laria, Plocoscyphiay Stauronema); the Calcarea are also 
common in places : (3) in the Lower Chalk of the south of 
England, where we find Siphonia, Ci^aticularia, Stauronema, 
Plocoscyphiay etc.; the Calcarea are not represented : (4) in 
the Upper Chalk, where the siliceous sponges are very 
common; amongst the Lithistids the following occur: — 
Seliscothon, Verruculina, Scytalia, Dory der may andSiphonia] 
the Hexactinellids are represented by Craticvlariay Verru- 
cocoeliay Guettardia, VentricvliteSy GephaliteSy Plocoscyphiay 
and Camerospongia ; the Calcarea are rare. In the Ter- 
tiary formations detached spicules are sometimes abundant, 
but few perfect sponges have been found. 
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1. Hydromedasse < 



/I. 
2. 
3. 
4. 
6. 
6. 



2. Scyphomedasffi 



3. Anthozoa or Aotinozoa I 
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Orders: 

Gymnoblastea. 

Galyptoblastea. 

Graptolitoidea. 

Hydrocorallinse. 

Stromatoporoidea. 

Trachomedusse (not fossil). 

7. NarcomedassB (not fossil). 

8. Siphonophora (not fossil). 

StauromedussB (not fossil). 
Peromedusffi (not fossU). 
Cubomedusse (not fossil). 
Discomedusffi. 

Zoantharia. 
Alcyonaria. 



1. 
2. 
3. 
4. 

1. 



4. Gtenophora (not fossil). 



The Coelentera include hydroids, jelly-fishes, sea-anemones, 
corals, and allied forms. The individuals are radially 
symmetrical, and have only one internal cavity, the 
ccelenteron, which opens to the exterior by the mouth. 
The body- wall consists of an outer layer of cells, the ecto- 
derm, and an inner layer, the endoderm ; between these is 
a gelatinous layer — usually quite thin, but in the jelly- 
fishes of considerable thickness. Stinging cells known as 
nematocysts or thread-cells are generally present in the 
ectoderm. The canal-system, so characterii^tic of th^ 
sponges, is absent. 
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This Phylum is divided into four classes, (1) Hydro- 
medusse, (2) Scyphomedusse or Acalephse, (3) Anthozoa 
or Actinozoa, (4) Ctenophora. The first two classes have 
usually been grouped together as the Hydrozoa ; but the 
Scyphomedusse are now regarded as more closely related 
to the Anthozoa than to the Hydromedusse. The Cteno- 
phora have not been found fossil. 

CLASS I. HYDROMEDUSiE. 

The simplest type of the HydromedussB is the common 
freshwater Hydra, In this the body has the form of an 
elongated sac, about a quarter of an inch in length, and is 
attached by one end, whilst at the other is the mouth 
surrounded by a row of long processes, called tentacles. 
The large undivided cavity in this sac, which opens into 
the hollow tentacles above, is the coelenteron. The whole 
body is very contractile and constantly changing its shape. 
Reproduction may take place in three ways, (1) by the 
growth of buds, which ultimately separate from the parent, 
(2) sexually, by the production of ova and spermatozoa in 
the ectoderm, and (3), in rare cases, by fission. 

Other Hydromedusse consist of a number of individuals 
(polyps or hydranths) having practically the same structure 
as Hydra, but growing together as a colony (fig. 11); all 
the individuals in such cases are placed in living communi- 
cation by means of a tube-like extension from the base of 
each polyp ; this common connecting portion of the colony 
is called the coenosarc (fig. 11, 6). Frequently the coeno- 
sarc is much branched, giving rise to tree-like forms ; it is 
usually attached to some foreign object by a horizontal 
branching portion. 

In such hydroid colonies the polyps are asexual, and 



HYDROMEDUSiE. 49 

the reproductive elements are produced in another in- 
dividual of a somewhat dififerent character, known as 
a medusa or gonophore : this arises by budding from the 
hydroid (fig. 11, 9), and is often more or less bell-shaped, 
and may become detached from the colony, or it may be 
less perfectly developed and remain attached; at the inner 
edge of the bell is a shelf-like fold, the velum. The 
generative cells are of ectodermal origin, and from them 
the hydroid developes. 

Hydra possesses no hard parts, but in other forms 
an external skeleton composed of chitin or of carbonate 
of lime is secreted ; it commonly forms a tube-like sheath 
around the coenosarc and is called the perisarc (fig. 11, 6). 
In one group the perisarc is produced at the base of 
each polyp into a cup-like structure or hydrotheoa (fig, 
11, 7), into which the polyp can retract. The gonophores 
may also be protected by a chitinous capsule called the 
gonotheca or gonangium (fig. 11, 10). The vertical branch- 
ing part of the coenosarc together with the perisarc 
around it, is called the hydrocaulus; the horizontal root- 
like portion and its perisarc form the hydrorhizd. 

The principal characters which distinguish the Hydro- 
medussB from the other Coelenterates are : the coelenteron 
being undivided by radial partitions or ridges ; the absence 
of a digestive tract projecting into the coelenteron; the 
usual occurrence of an asexual (hydroid) generation alter- 
nating with a sexual (medusoid) generation; the medusa 
having a velum ; the ova and spermatozoa being derived 
from the ectoderm. 

Nearly all the Hydromedusse are marine. They are 
divided into eight Orders, of which five occur fossil: — 
(1) Gymnoblastea, (2) Calyptoblastea, (3) Graptolitoidea, 
(4) Hydrocorallinse, (5) Stromatoporoidea. 

w. p. 4 
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ORDER I. GYMNOBLASTEA. 

The Gymnoblastea have no hydrothecae into which the 
polyps can retract ; gonangia (gonothecae) are also absent. 

Well-known living forms are Tubularia, Bougainvillea, 
and Hydractinia, The last has been found fossil in 
Eocene and later deposits; it forms a crust over the 
shells of gasteropods, especially those tenanted by Hermit- 
crabs. The hard part of this crust is chitinous, or rarely 
calcareous, and consists of laminae separated by irregular 
or cubical spaces and crossed by vertical pillars; on the 
surface are projecting spines. The soft parts form a 
layer over this skeleton, and consist of a sheet of ecto- 
derm on the surface, and another sheet next the skeleton ; 
between these are branching and anastomosing coenosarcal 
tubes. The skeleton is secreted by the lower ectoderm. 
From the coenosarc arise the polyps, which are placed on 
long vertical stalks and are of four kinds, (1) gastrozooids — 
the ordinary nutritive individuals, (2) blastostyles, which 
are individuals specially modified for bearing medusae, 
(3) dactylozooids — individuals modified for catching prey 
and having short knob-like tentacles crowded with nemato- 
cysts, (4) tentacular polyps, which are very slender, with- 
out a mouth, and occur near the edge of the colony. 

Parkeria, which is found in the Cambridge Greensand, 
probably belongs to this Order. A few other forms have 
been described fi:om the Alpine Trias and the Jurassic of 
southern Europe. 

ORDER n. CALYPTOBLASTEA. 

This Order is distinguished by the presence of hydro- 
thecae and gonangia (gonothecae). (Fig. 11, 7, 10.) 

The arrangement of the polyps and hydrothecae on the 
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hydrocaulus varies considerably in different genera, Some- 



Fio. 11. Part of a branch of Obelia. Enlarged. To the left a portion 
is shown in section. (After Farkec and Haswell.) I, ectoderm ; 
2, endodeim; 3, mouth; 4, coelenteron ; 5, asnoaaro; E, peiisaro; 
7, hjdcotbeoa; 8, blastostyle, a monthless polyp bearing mednsa- 
buda; 9. medusa bud; 10, gonangiam or gonotbeea. 

4—2 
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times they are placed on stalks as in Ohelia (fig. 11) and 
Campanviaria; in many others they are sessile. They 
may be in rows or placed in various positions on the 
hydrocaulus. In PlumtUaria, Aglaophenia, etc., they 
form a single row; in Sertularia, etc. there are two rows 
placed on opposite sides of the branches. Sometimes 
the hydrothecse are close together, but more usually 
separated. 

In the PlumulariidsB there are, in addition to the 
ordinary polyps, others which are solid and tentacle-like ; 
they are usually provided with nematocysts and are called 
iiematophores ; each one is placed in a hydrotheca. 

Although the. Calyptoblastea possess a well-developed 
chitinous skeleton, yet, with the exception of a form found 
in the Pleistocene, they are not definitely known to occur 
as fossils. In the Lower Palaeozoic, however, there are 
organisms (usually termed 'dendroid graptolites ') which 
present considerable resemblance to the Caljrptoblastic 
hydroids; the best knoMm are Dendrograptus, Ptilo- 
graptiLS, IHctyoneina, and Callograpttis, These are usually 
much branched and tree-like, and are fixed by a root-like 
structure; hydrothecaB occur, but no virgula is found. 
Transverse sections of IHctyonema and Dendrograptus 
show that some of the branches consist of a group of 
tubes of various sizes, somewhat resembling in this respect 
the recent forms Clathrozoon and Orammaria. 

Dictyonema {= DictyograptiLs) is found in the Cam- 
brian, Ordovician, and Silurian, and has a fan- or funnel- 
shaped skeleton which consists of numerous radiating 
branches, placed nearly parallel with one another, and 
united by transverse fibres. Dendrograptus occurs in the 
Ordovician, Callograptus in the Arenig, and Ptilograptus 
ranges from the Arenig to the Ludlow Beds. - 
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ORDER m. GRAPTOLITOIDEA. 

The graptolites are found only in the Lower Palaeozoic 
rocks, where, owing to their abundance and to the limited 
range in time of both genera and species, combined with 
their wide geographical distribution, they are of great 
importance to the stratigraphical geologist. They occur 
most commonly in argillaceous rocks, especially in black 
shales, whilst they are rare in sandstones and limestones. 
The graptolites resemble the Calyptoblastea, e.g, Sertu- 
laria and Plumularia; they were compound animals, 
consisting of a number of individuals or polyps united 
by a common coenosarc, the whole being protected by 
a skeleton of chitin. But the original material of the 
skeleton is seldom preserved unaltered; it has usually 
become carbonised or replaced by iron pyrites. The entire 
skeleton (exclusive of the soft parts) is termed the 
polypary; this in an unbranched form like Monograptus 
consists of a more or less cylindrical tube known as the 
common canal (fig. 12 b, c), which extends nearly the 
whole length of the animal, the wall being termed the 
periderm or perisarc. From one side of the common canal 
small cups or tooth-like projections are given off; these 
are the hydrothecce (fig. 12 b. A), each of which opens on 
the one hand into the common canal and on the other to 
the exterior ; the latter aperture, known as the mouth (m) 
of the hydrotheca, is firequently circular, but sometimes 
quadrangular or slit-like. Embedded in the periderm on 
the side opposite to the row of hydrothecae is a chitinous 
thread or rod, termed the virgula (fig. 12 d, a); in some 
cases this is solid, in others it appears to be hollow. In 
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some species of Monograptus the virgula projects beyond 
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Fio. 12. Morphology of Graptolites. a, Portion of Monograptus perso- 
natus; b, vertical section of the same; c, Monograptus, showing a 
•groove on the dorsal surface which was produced by the removal of 
the virgula; d, transverse section of Monograptus with virgula 
(N.B. Recent work has shown that the virgula is actually embedded 
in the periderm and not placed in a groove) ; e, Monograptus colonuf, 
Goniston Grits, with sicula (a) ; f, Didymograptus murc/iMom, Llandeilo 
Beds ; g, Diplograptus foliaceus, Llandeilo Beds, with the position 
of the embedded sicula (s) indicated ; h, sicula of Diplograptus, the 
earliest stage; i, the same with virgula and two buds developed. 
(All enlarged except f.) 

a, virgula ; c, common canal ; h, hydrotheca ; yk, mouth of hydrotheca ; 
8, sicula. 
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the distaP end of the common canal. At the proximal 
end of the poljrpary there is a small conical body, termed 
the sicula (fig. 12 e, s), which will be described more 
fully below. 

The soft parts of the graptolites are of course unknown, 
but fi:*om comparison with living hydroids which have a 
similar skeleton, we may consider it probable that each 
hydrotheca lodged an individual poljrp, and that these 
were connected by means of the coenosarc which occupied 
the common canal. 

In the form just described {Monograptus) the polypary 
is always simple, but in many genera it consists of two 
or more branches or stipes. When several branches are 
given oflf from a common centre their proximal parts are 
sometimes enclosed in a homy sheath, termed the central 
disc, as in some species of Tetragraptus (fig. 13). In those 




Fio. 13. Tetragraptus headiy Arenig Bocks, a, central disc, x \ . 

genera which have two branches (fig. 12 f), the term angle 
of divergence is applied to the angle betiyeen the hydro- 
thecal margins. In some cases (e,g, Monograptus, fig. 

^ The proximal end is that which in recent hydroids is attached; 
the distal is the free end. In the graptolites the proximal end is 
formed tot, the distal end last, 
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12 e) the poljrpary possesses only a single row of hydro- 
thecse, such forms are said to be monoprionidian ; others 
however (e.g. Diplograptits, fig. 12 g) possess two rows on 
opposite sides of the poljrpary — these are the diprionidian 
forms, and they may have a single common canal as in 
RetioliteSy or there may be two canals separated by a 
septum, as in Glimacograptus : in many forms of Diplo- 
graptus there is only one common canal, but others 
possess an imperfect septum which, to some extent, divides 
the canal into two parts. The genus Dicranograptus 
shows a transition between the monoprionidian and the 
diprionidian tjrpes, its proximal end being provided with 
two rows of hydrothecae, whilst distally the polj^ry 
divides into two branches, each bearing a single row. In 
Dimorphograptus, on the other hand, the proximal part 
is monoprionidian and the distal part diprionidian; this 
genus therefore serves to connect Diphgraptxis and Mano- 
graptus. 

The hydrothecae vary considerably in form in different 
genera, and sometimes even in different species of the 
same genus; but in any one species they are similar, 
except that they diminish in size towards the proximal 
end of the polypary; they may be rectangular (Phyllo- 
graptus), tubular (Rastrites), conical (Monograptiis spi- 
ralis), or coiled (Monograptus lohiferus). They may be in 
contact throughout their entire length {Phyllograptus), 
at their bases only (Coenograptus), or, in a few cases, 
entirely separate (Rastrites). Frequently they are pro- 
vided with one or more spines near the mouth. In most 
graptolites the hydrothecae communicate freely with the 
common canal, and in this respect differ fi-om living 
hydroids, in which there is a constriction or an imperfect 
diaphragm at the base of each hydrotheca, separating 
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it irom the common canal (fig. 11). But McCoy and 
Hopkinson have described specimens of Didymograptus 
and Tetragraptus, from the Skiddaw Slates, in which 
there is a distinct septum between each hydrotheca and 
the common canal, and also in some cases the common 
canal itself is divided up by w 

transverse septa. On account 
of the free communication be- 
tween the hydrothecfe and the 
coramoncanal,Allmaii thought -^"' * 

that all the polyps of the 
graptolites were probably ne- 
matophores (see p. 52), and 
that the ordinary nutritive 
polyps were absent; a similar 
condition is found in certain 
Plumulariidae, where some 
branches bear nematophores 
only. Further, in the young 
stf^es of some Plumulariidae, 
nematophores only occur, the 
ordinary polyps appearing sub- Fio. H- Reiiouu 
sequently. 

A microscopic examination 
of thin sections of Monograptus 
_ shows that the periderm con- 
sists of four layers, the external and internal layers being 
much thinner than the two others. In Retiolites the 
periderm is formed of a network of fibres (fig. 14) covered 
by a continuous outer layer or epiderm. 

In the monoprionidian genera the virgula, when 
present, is placed in the periderm opposite the row of 
bydrothecse, but in the diprionidian forms it is central. 



poljpar;. B, proiimal end 
of poljpary with the onlet 
l&yer Temoved. Bulniged 
(after Holm), to, virgula, 
X z^zHg rod. 
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being situated either in the middle of the common canal, 
as in some forms of Diplograptus, or in the septum 
separating the two canals, as in Climacograptus, In 
Retiolites th*e virgula (fig. 14 w) is placed in the wall on 
one side of the common canal between the two rows of 
hydrothecae, and in the opposite wall there is a zig-zag 
thickening in the periderm which has usually been de- 
scribed as a second virgula (fig. 14 x). In several genera 
(Didymograptus, Phyllograptus, Tetragraptus, Dichograp- 
tus, DicranograpttLs, and Dicellograptus) there is no 
virgula in the wall of the common canal ; but sometimes 
there is a thread-like prolongation of the pointed end of 
the sicula which appears to represent the virgula. The 
position of the sicula also varies in different genera. In 
Monograptus it is united to the dorsal surface of the 
poljrpary, the pointed end being directed distally (fig.l2e,s). 
In Diplograptus it has a similar position but is enclosed 
between the hydrothecse (fig. 12 g, s). In Didymograptus 
its broad end only is united to the two branches of the 
pol3^ary, the pointed end being directed proximally (fig. 
12 f, 8). In Dicellograptus it projects as a spine between 
the two branches. 

The appearance of even the same species of graptolite 
varies considerably according to its mode of preservation. 
Frequently it is flattened to a film, and when this is the 
case we may get a side view, a front view showing the 
mouths of the hydrothecae, or a back view; in the two 
latter cases the margins will be parallel. But when the 
original material has been replaced by iron pyrites, or 
when the graptolite is preserved in a limestone, the 
natural form of the polypary is retained. 

No medusoid form is known in the graptolites; but, 
in one respect, their mode of reproduction appears to have 
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been similar to that which takes place in some liviDg 

HydromeduBffi. In a few diprionidian graptolites (fig. 15) 

sac-like bodies have been found attached to the sides of 

the polypaiy; these, when 

perfect, are pear-shaped, and 

in some cases at any rate are 

connected with the virgula by 

means of fibres. These sacs 

resemble the gonangia of living 

Calyptoblastea (see fig. 11, lo), 

but they spring direct from 

the hydrothecEe which, with 

one exception {8'ipitkecium),'m 

not the case in living forms. 

The earliest condition of the 

graptolite at present known is 

the aicula (fig. 16 A); this 

probably is developed within 

the sac-like bodies which are w ,= tt.- i . ...^ ,,■ 

supposed to be gonangia. witli reproductive uicb. (Alter 

The mode of development ^'^'■) '*''*"'^ """■ 
of the graptolite from the sicula has been carefully studied 
in the genera Monograptua and Btplograptus (fig. 16). 
The sicula is a hollow cone open at the base ; it consists 
of two parts— the pointed end with a thin wall (b), 
and the broader basal part with a thick wall marked 
with lines of growth (a). The pointed part was pro- 
bably the covering of the embryo, and the broad 
part a later growth. In Monograptua a bud, which 
developes into the first hydrotheca (fig. 16 B, 1), arises 
on one side of the sicula; and from this the second 
hydrotheca (2) is given oflF: each subsequent hydrotheca 
is produced in the same way from the one preceding. 
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In Diplograpttis one bud only is given oflF from the Bicula; 
this becomes the firat hydrotheca (fig, 16 C, 1); from this 
the second bydrotheca (2), which is on the opposite side, 
is given off; the later hydrobhecae (3, 4, etc.) arise from 
the one preceding on the opposite side : when this mode 
of development continues the common canal is very smalt 
and remains undivided ; but in some cases after the first 
few hydrothecse have been formed in this way on alternate 
sides, the later ones arise from the preceding hydrotheca 



Fio. 16. Earlj at^es of Monograptui anil Diptngraptui (after Wimao). 
Enlarged. 

A. Sicnla of Monograptm, from tlie Silurian of Gothland, a, thick- 
walled part with lines of growth ; 6, the earliest part with a thin 
wall ; c, virgula. 

B. Monograptm (aame locality! "''h three hydrothecB developed. 1, 2, 
3, firat, second, and third hjdrothecie ; a, b, aic'ula ; c, d, virgula. 

C. Diplograptui from Bornholm, with four hydrotheca developed. 1, 
2, 3, 4, first, second, third and fourth hjdrothecie ; a, sioala. 
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on the same side, and when this takes place a septum, 
dividing the common canal longitudinally, is formed be- 
tween the two rows. 

When, as in many forms of Diplograptus, the virgula 
projects beyond both ends of the polypary, it is not, as has 
usually been stated, a continuous rod, but consists of two 
distinct parts c, d (fig. 16 B); the distal part has grown 
out as a spine fi'om the pointed end of the sicula, but the 
proximal part has been formed independently at the broad 
end. 

Owing to the fact that the soft parts of the graptolites 
are entirely unknown it is difficult to speak of their 
afl&nities with any degree of certainty. There seems 
but little doubt, however, that they belong to the Hydro- 
medusae ; AUman .and others consider them to be closely 
related to the Cal3rptoblastea, especially to such forms as 
Sertularia and Plumularia, with which they agree in the 
general characters of the hydrothecse and common canal, 
and probably also in the possession of gonangia. But 
they difiFer from the Calyptoblastea in possessing a virgula 
and sicula, in the diminution in size of the hydrothecse 
towards the proximal end of the polypary, in the hydro- 
thecae being nearly always in contact, and in the free 
communication which exists in many cases between the 
hydrothecse and the common canal; their development 
is also different — in the graptolites eatch hydrotheca is 
budded off from another hydrotheca, but in the Calypto- 
blastea the new pol)rps are budded off from the coenosarc. 
Further, the graptolites never form the much-branched 
tree-like colonies which occur so commonly in recent 
hydroids, and the graptolites are never firmly fixed by 
any root-like structure corresponding to the hydro- 
rhiza. 
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Some authors have considered that the graptoHtes 
were free-swimming animals; but it is very probable 
that some, at any rate, were attached to sea-weeds or 
other foreign objects by means of a thread which, in 
a number of cases, has been found coming off from the 



Fro. 17. Diplograpius priitU, from the Utioa Blale, New York. 
{After Bnedmann.) 



sicula ; if they were fixed to floating sea- weeds their wide 
geographical distribution would be readily accounted for. 
Ruedmann has recently described specimens of IHplo- 
graptus pristis (fig. 17), from the Utica Slate (Ordovician) 
of New York, which consist of a number of individuals 
radiating from a centre where they join by the distal 
prolongations of their virgulas; at the point of union 
there is a small, nearly square, chitinous sheath which 
is similar in appearance to the central disc of Tetra^ 
graptus, etc.; below this is a larger quadrate body, ap- 
parently vesicular, which was at first regarded as a float 
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or pneumatocyst, but later as probably an organ of fixation 
at the base of the colony. Around the small disc are 
from four to eight globular vesicles, which Ruedmann 
considers to be gonangia, since they contain siculse; the 
siculse sometimes pass out and develope into fresh colonies, 
but in other cases they remain attached to the parent, 

' and, by the growth of the virgula, extend outwards, and 
subsequently hydrothecse arise in the usual way. In some 
other species of Diplograptus {D. vesiculosus, etc.) a single 
vesicle is sometimes found attached to the distal end of 
the virgula. 

The genera of graptolites at present accepted are 
based, to a large extent, on the number of branches of 
the polypary ; but Nicholson and Marr consider that this 

• feature is of less importance than was formerly supposed, 
and that a classification which shows the genealogical 
relationships of the forms should be founded chiefly on the 
characters of the hydrothecse and, to some extent, on the 
angle of divergence of the branches. The early grapto- 
lites, such as BryograptuSy appear, at first sight, to be 
more complex than the later types {e.g, Monograptus)^ 
on account of their more complex branching ; but in the 
early forms the hydrothecse are very simple, differing 
but little from the sicula, whereas in the later ones they 
exhibit considerable modification. In some genera the 
hydrothecse of different species show great variety of 
form, those of one species being often much more like 
those of a species belonging to another genus than to 
other species of the same genus : thus we get the same 
ty^e of hydrotheca in the three forms Bryograptus cal- 
lav&i, Tetragraptus hicksi, and Didymograptus affinis, and 
another type in Bryograptus retrofleams, Tetragraptus 
denticulatus, and Didymograptus fasdculatus. It is con- 
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tended that each of these groups is a genealogical series 
and should be regarded as a genus — that T. hicksi has 
descended from B. ccdlavei, and D, affinis from T, hicksi. 
According to the old view all the species of Didymograptus 
were thought to have descended from one common ancestor ; 
but this will not account for the close resemblance which 
the hydrothecae of certain species of Didi/mo^rrai)^^^ bear to 
those of certain species of Tetragraptus; on the other hand, 
this is readily explained if we consider that the species 
of Didymograptus have descended from various species of 
Tetragraptus, Then again, the remarkable diversity in 
the hydrothecae of Monograptus can be easily understood 
if we grant that the forms included under this term are 
the descendants of diflferent species of one or more genera. 
But since species which have a diflferent ancestry cainnot 
be placed in the same genus, we must regard Monograptus 
as an assemblage of forms which simply agree in consisting 
of a single monoprionidian branch or stipe. 

It has been suggested that the similar modification in 
branching found in diflferent forms may have been brought 
about by the necessity of obtaining suflScient food — the 
larger the number of branches the smaller would be the 
total supply of food for each individual of a colony ; conse- 
quently, when one species of a four-branched iy^Q {Tetra- 
graptus) had become a two-branched form, it would have 
a considerable advantage over the remaining four-branched 
forms, which would, as a result, soon die out. 

Didymograptus. (fig. 12 f.) Polypary bilaterally sym- 
metrical, monoprionidian, consisting of two branches diverging at an 
angle which varies, in different species, from 0** to 180° (or occa- 
sionally more). Hydrothecae rectangular, in contact. Pointed end 
of sicula directed proximally. Lower Arenig to Upper Llandeilo. 
Ex. D. murckisoni, Lower Llandeilo; D. patvlus^ Arenig. 
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PhyllograptUS. (fig. 18.) Polypary leaf-like, formed of fom* 
branches united along the whole of 
their length and placed at right 
angles to one another. Hydrothecae 
rectangular, in contact throughout 
their entire length, and furnished 
with two strong spines. Sicula 
pointing distally. Arenig. Ex. P. 
typus. Lower Arenig. 

TAtrfi^rn.ntiia (i{<f ^'^\ Pnlv '^^^''^^' Phyllograptus, Arenig 
XetragraptUS. (tig.l^.; Foly- ^^y.^ r^^^g polypary has 

pary bilaterally symmetrical, mono- been cut in two, and the upper 

prionidian, consisting of four simple Pa^t raised so as to show the 

,.,. , V i.v jf four branches. Natural size, 

radiating branches which arise from 

the bifurcation of two short branches coming off from opposite 

sides of the sicula. Hydrolhecie rectangular, in contact. A central 

disc may or may not be present. Lower Arenig. Ex. T. qiuidn- 

hrachiatus, 

Dichograptus. Polypary consisting of four monoprionidian 
branches which soon bifurcate. Hydrothecas rectangular. A central 
disc is frequently present. Lower Arenig. Ex. D. octohrachiaius. 

Loganograptvs (Arenig) and Clonograptus (Tremadoc and Arenig) 
are allied to Dichograptus. 

BryograptUS. Polypary bilateral, monoprionidian, consist- 
ing of two primary branches diverging (generally at a small angle) 
from a distinct sicula, which has its point directed distally and often 
prolonged into a thread. From the inner margins of the primary 
branches secondary branches (which may bear other branches) arise 
at irregular intervals. Tremadoc. Ex. B. kjendfi. 

LeptograptUS. Polypary consisting of two simple, slender, 
flexuous, monoprionidian branches, given off in opposite directions 
from the broad end of the sicula. Upper Llandeilo to Lower Bala. 
Ex. Z. flcLccidus, Upper Llandeilo and Lower Bala. 

PleurograptUS. Two principal branches as in Leptograptus ; 
these bear secondary branches on both sides, often arising alter- 
nately, and sometimes bearing smaller branches. Lower Bala. Ex. 
P. linearis, 

CoenograptUS. Polypary bilateral, monoprionidian, consist- 

w. P. 5 
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ing of a central portion bent into an S-shape, giving off branches 
from the convex margins. Hydrothecee in contact only, not over- 
lapping. Sicula triangular, placed at the centre of the polypary. 
Upper Llandeilo. Ex. C. gracilis. 

Dicranograptus. Polypary diprionidian in the proximal 
portion, dividing distally into two monoprionidian branches. Termi- 
nations of the hydrothec8B isolated and incurved. Upper Llandeilo 
to Lower Bala. Ex. D. dirigani, Bala. 

Dicellog^raptlU. Like Dicranograptus, but monoprionidian 
throughout, the two branches united by the sicula only, which 
points distally. Angle of divergence greater than 180**. -Upper 
Arenig to Upper Bala. Ex. 2>. anceps^ Upper Bala. 

DiplograptUS. (fig. 12 g.) Polypary diprionidian. Hydro- 
thecee overlapping and placed obliquely. Virgula prolonged beyond 
the distal and sometimes also the proximal extremity of the polypary. 
Sicula embedded, pointing distally. Lower Arenig to Tarannon. Ex. 
D. foliaceus, Llandeilo to Lower Bala. Petalograpttut and Cephalo- 
jfraptus are sub-genera ; Llandovery and Tarannon. 

ClimacograptlU. Polypary diprionidian. Hydrothecae placed 
vertically and separated by deep depressions. Virgula prolonged 
beyond both extremities. Lower Arenig to Tarannon. Ex. C. nor- 
iTwliSy Llandovery and Tarannon. 

DimorphograptUS (see p. 56). Llandovery. 

MonograptUS. (fig. 12 e.) Polypary unbranched, mono- 
prionidian, straight, curved or spiral Hydrothecae vary in form in 
different species. Sicula attached to the proximal end of the poly- 
pary, and its pointed end directed distally. Lower Llandovery to 
Lower Ludlow. Ex. M, nilssoniy Lower Ludlow; M, leptotheoay 
Llandovery ; M, priodon^ Wenlock ; J/, spinigertts^ Llandovery. 

Itastrites. Similar to MonograptuSy but the common canal is 
very narrow, and the hydrothecsB are long, tubular, and widely 
separated. Llandovery to Tarannon. Ex. IL peregrinusy Llando- 
very to Tarannon. 

C3rrtOgl*a'PtU8. Similar to MonograptuSy but coiled into a 
plane spiral with branches given off from the external (hydrothecal) 
margin. Upper Tarannon to Lower Ludlow. Ex. (7. murchisoni, 
Wenlock Shale, 
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Retiolites. (fig. 14.) Polypary simple, diprionidian, nar- 
rower at the ends. HydrothecsB rectangular, alternating, given 
off from a single common canal. Inner layer of the periderm con- 
sists of a network of rods or threads. Virgula placed in the wall on 
one side of the common canal ; in the opposite wall is a zig-zag rod 
in the inner layer of the periderm. Lower Bala to Wenlock. Ex. 
R. geinitzianus, Upper Tarannon and Wenlock. 



Distribution of the G-raptolitoidea. 

In Britain the eariiest graptoiites occur in the Tremadoc 
Beds, where we find the genera Bryograptus and Clono- 
graptus', in the OZenws-shales of West Gothland Dicho- 
graptus also occurs. The last two forms are also present in 
the lower part of the Arenig Beds, but other genera such 
as Tetragraptus and Didymograptus are associated with 
them and soon become abundant ; Phyllograptus also occurs 
here. In the Llandeilo, the graptoiites are transitional 
between the Arenig and Bala forms, Phyllograptus is 
absent, Didymograptus is fairly common in the lower part, 
and the genera Dicellograptus, Dicranograptus, Diplo- 
graptus and Glimacograptus now appear for the first time. 
In the Bala Beds, the four last-mentioned genera become 
much more abundant, and with them occur Leptograptus 
and Pleurograptus, The only genera which pass up from 
the Bala to the Silurian are Climacograptus, Diplograptus, 
and Retiolites ; not a single Bala species (except perhaps 
a variety of Glimacograptus scalaris) is found in the 
Llandovery Beds, so that between the Ordovician and 
Silurian there is a great break in the graptolitic succession. 
As a whole, the Silurian formations are characterised by 
the presence of the family Monograptidce^y which appears 

^ This includes the genera, Monograptus, Rastrites and Cyrtograptus. 

5—2 
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first at the base of the Llandovery Beds. In the lower 
part of the Llandovery the genera Diplograptus and 
GliTncLcograptus are fairly abundant, but they become 
extinct in the Tarannon, and in the Wenlock and Ludlow 
Beds the only forms are Monograptus, CyrtograptuSy and 
Retiolites, The last traces of graptolites occur in the 
Downtonian Beds, but they are too imperfect for deter- 
mination. 



ORDER IV. HYDROCORALLIN^. 

The skeleton in the Hydrocorallinae is calcareous and 
has the form of encrusting or branching masses. It con- 
sists of a network of rods, in which there are tubes of 
two sizes opening on the surface; the larger are called 
gastropores, and have horizontal partitions or tabulae ; the 
smaller are named dactylopores. The skeleton is of ecto- 
dermal origin, and is secreted by a network of coenosarcal 
tubes, above which is a superficial layer of ectoderm. The 
polyps project above this layer, and are of two kinds : 
nutritive individuals or gastrozooids, which are placed in 
the gastropores, and dactylozooids placed in the dactylo- 
pores. 

Millepora is an important rock-building organism at 
the present day, often contributing largely to the forma- 
tion of coral-reefs ; it has been recorded from Cainozoic 
deposits, but whether these examples really belong to 
that genus appears to be somewhat doubtful. Stylaster is 
also a living form, and is stated to occur in the Miocene. 
Millestroma from the Cretaceous of Egypt may belong to 
this Order. 
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ORDER V. STROMATOPOROIDEA. 

In the Stromatoporoids the skeleton is calcareous \ and 
very variable in fonn ; it may be hemispherical, spheroidal, 
dendroid, encrusting, or altogether irregular, and frequently 
forms large masses. It consists of a series of concentric 
laminae separated by spaces; these are crossed at right 
angles by rods or pillars, which give oflF horizontal pro- 
cesses at definite intervals ; these processes join together 
and really form the laminae. The under surface of the 
skeleton is often covered by a thin imperforate layer, with 
concentric furrows, similar to the epitheca of many com- 
pound corals. On the upper surfaces of the laminae there 
are, in many forms, shallow grooves, having a stellate 
arrangement, and known as astrorhizce. In some genera, 
as for example Actinostroma (fig. 19), the two elements 
of the skeleton, the laminae and pillars, remain quite 
distinct, but in others, like Stromatopora, they become 
to a great extent blended together so as to form a more or 
less netted structure ; between these two t3rpes, however, 
there are intermediate forms. The first type {Actino- 
stroma) is similar to Hydractinia (see p. 50), but is always 
calcareous and forms larger masses ; the second (StromcUo- 
pora) resembles Millepora (see p. 68), and, like that genus, 
possesses tubes with horizontal partitions, but the tubes 
seem to be of one size only, and consequently there is 
nothing to indicate that this type was dimorphic; it 
diflfers also in possessing radial pillars. 

The soft parts in the Stromatoporoids probably formed 
a continuous layer on the surface of the skeleton, and the 

^ In some specimens the carbonate of lime has been dissolved and its 
place taken by silica. 
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polypa in some cases {e.g. Stromatopora) were placed in 
definite tubes, but in others tubes are absent and there are 



Fia. 19. A, Tangential seotion of ActinoatToma intertexlum showing the 
radial pillars. B, vertical sccCion showing the radial pillars and the 
formation of the conoentric laminte by proce^aM given oB frotn 
these. X 12. C and D, parts of the same torther enlarged. Fiom 
the Silariai) Bocks. (After Nicholson.) 

pores only in the external lamina. From the structure of 
the skeleton, the Stromatoporoids seem to be connected 
with both Hydractinia and the HydrocoralliuEe. 

The Stromatoporoids are found only in the Ordovician, 
Silurian, and Devonian Systems, being most abundant in 
the last ; frequently they are of considerable importance 
as rock-builders. Some of the best known genera are 
Labechia, Stromatopora, Stromaloporella, Actinostroma, 
CUithrodictyon, Idioslroma,, and Ainp!iipoj-a. 
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CLASS II. SCYPHOMEDUSiE. 

The Scyphomedusse or AcalephaB include the larger 
and more conspicuous jelly-fishes, such as Aurelia, Rhizo- 
stoma, and Pelagia. They possess no hard parts ; never- 
theless the impressions of some forms (e.g, Rhizostomites) 
belonging to the Order Discomedusae have been found in 
the Lithographic Limestone (Upper Jurassic) of Solen- 
hofen. 

Even in the oldest fossiliferous formations traces o 
supposed Scyphomedusse have been found; the most 
satisfactory of these is the form from the Lower Cambrian 
of Sweden referred to the Discomedusae, and named 
Medusina costata ( = Medtisite$ lindstroemi). Others, but 
of which the nature appears to be somewhat doubtful, 
have been described by Walcott from the Middle Cambrian 
of Alabama. 

CLASS III. ANTHOZOA (ACTINOZOA). 

This Class includes the corals and sea-anemones. 
They diflfer from the Hydromedusae (1) in possessing an 
oesophageal tube, which is distinct from the coelenteron, 
though opening into it; (2) in having the coelenteron 
divided up into chambers by vertical radiating partitions 
known as mesenteries; (3) in the reproductive elements 
being developed in the endoderm of the mesenteries and 
never on a medusa. 

The Anthozoa possess an apparent radial symmetry, 
but closer examination reveals a bilateral arrangement 
of their parts. In a typical form, such as the common 
sea-anemone or a simple coral (fig. 20), the body has a 
more or less cylindrical shape, and is attached by one end. 
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the other having an opening, the mouth (fig. 20, 2), eur- 
rounded by tentacles (1). The mouth leads into the 



FiQ. 20. Semi-diagrammatic view of hnlF a, simple Coral. (Partly after 
Boame.) On tlie right side the liBsues are represented as trans- 
parent to show the arrangement of the theca and septa ; on the lef C 
a mesentery is seen. 1, tentacle; 3, moaUi ; 3, (ssophagns', i, 
mesentery ; fi, mesenteric fliamenta, free edge of mesentery ; 6, ecto- 
derm; 7, endoderm; 6, bosaJ plate of skeleton; 9, theca; 10, 
colnmella; 11, septum. 

(esophageal tube or stomodfmim (a), which opens at its 
lower end into the ctelenteron. The latter is divided into 
chambers by radiating partitions, the mesenteries (fig. 20, i 
and fig. 21 a — c), each of which consists of a thin gelatinous 
layer in the middle and a layer of endoderm on each side. 
In the upper part of the polyp the inner edges of the 
principal mesenteries join the oesophageal tube, but in the 
lower part they remain free, and a section in the former 
region (fig. 21) will show the body wall and also the 
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oesophageal wall, but in the latter the body wall only. 
The tentacles (fig. 20, l) are placed immediately above 
the intermesenteric chambers, and the space in each 
tentacle is continuous with that of the chamber below. 
A bilateral symmetry is indicated by the oval or slit-like 
mouth, and the similarly compressed stomodseum ; also by 
the arrangement of the longitudinal muscles which occur 
on one face of each mesentery, extending from the base 
of the polyp upwards (fig. 21). The sea-anemones have 
no hard parts, but the majority of Anthozoa possess a 
skeleton, which in many cases is quite external to the 
body, and is formed of carbonate of lime (fig. 20, 8, 9) ; in 
others it is internal and may consist of calcareous spicules, 
or of an axial rod of homy or calcareous material. The 
Anthozoa are divided into two Orders, (1) the Zoantharia, 
(2) the Alcyonaria. 

ORDER I. ZOANTHARIA. 

In the Zoantharia the tentacles are generally numerous 
and are never eight in number, as is the case in the 
Alcyonaria ; occasionally there are six only, but frequently 
a multiple of six, and they usually form several circles 
around the mouth. . The tentacles are nearly always simple 
(fig. 20, i). The mesenteries (fig. 21, a, 6, c) are usually 
numerous also, and form several cycles ; those belonging 
to the primary cycle are formed first and reach to the 
stomodseum; the other cycles (secondary, tertiary, etc.) 
are successively smaller. The mesenteries are arranged 
in couples (fig. 21) with the longitudinal muscles of each 
couple facing one another, except in the case of the couples 
situated at the grooved ends of the stomodseum, where 
the muscles are turned away from each other (cZ, e). A 
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skeleton is often present and may be calcareous or homy ; 
when calcareous it is never composed of spicules but consists 
of aragonite fibres. 
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Fio. 21. Diagrammatic section of a Zoantharian polyp passing through 
the oesophageal tube (stomodeum). a, primary mesenteries; 
bf secondary mesenteries; c, tertiary mesenteries; d, «, primary 
mesenteries at the ends of the compressed stomodaenm. The 
muscles are indicated by the thickenings on the mesenteries. 

The Zoantharia comprise, (1) the sea-anemones, which 
have usually been grouped together as the Actinaria, and 
are unknown in the fossil state, since they possess no hard 
parts ; (2) the Antipatharia — colonial forms in which the 
skeleton consists of an internal horny rod secreted by the 
ectoderm ; these also are not found fossil ; (3) the Madre- 
poraria, including the well-known stony corals, which are 
very abundant as fossils. 

SUB-ORDER. MADREPORARIA. 

The polyp of a Madreporarian coral has essentially the 
same structure as a common sea-anemone, but the ecto- 
derm of the lower part of the body secretes a skeleton 
consisting of carbonate of lime (fig. 20, 8, 9). The entire 
skeleton is spoken of as the corallum, and in compound 
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corals the skeleton of each individuEiI is termed a coraltite. 
The parts of the skeleton may be solid, or they may be 
perforated, or formed of a network of rods. 

In a typical simple coral (fig. 23) the skeleton has a 
more or less conical form ; the base of the cone, on which 
the polyp is placed, is usually depressed, and is termed the 
calyx. The wall bounding the corallum is known as the 



Fio. 32. A. DutgrammMtic section (horizontal) of a eimple oonl. 
n, Eolumella ; b, primaiy septa ; c, poli ; d, Iheoa ; e, dissepiments. 

B. PoTtiott of H horizontal section of Cyathophyllum murcki- 
loni. Carboniferous Limestone, showing the middle dark part of the 
st-ptom ; dissepiments near the margin, x 2. ' 

theca (fig. 20, 9 ; &g.22A,d); sometimes there ia, outside 
this, another calcareous layer, the epitheca. The whole 
space enclosed by the theca is termed the visceral chaTuher; 
it is divided up by various partitions, the most im- 
portant of which are the septa (fig. 20, 11; fig. 22 .^1,6). 
These are vertical plates extending from the theca towards 
the centre, and alternating in position with the mesen- 
teries. The septa are of different sizes, some reaching the 
centre, others being shorter; they frequently occur in 
series or cycles, of which three or more may often be 



1 
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distinguished, the largest being the primary (6), the others 
the secondary, tertiary, etc. In some corals found in the 
Palaeozoic formations one of the primary septa is much 
smaller than those formed after it, and consequently 
appears to lie in a pit or cavity, which is called afossula 
(fig. 30 a). Usually only one septal fossula is present, but 
sometimes two occur on opposite sides of the coral, and in 
rare cases three or four are present. It has been suggested 
that the mesenteries placed in the septal fossulae were 
specialised for reproduction. When the septa project 
upwards above the edge of the theca they are said to be 
exsert (fig, 23). The faces of the septa are sometimes 
plane, but usually bear ridges, 
granules, or spines. In some 
corals the septa are poorly de- 
veloped, and may be riepresented 
by ridges only or by rows of 
spines. In the centre of the 
visceral chamber, where the „ «, „ .. , . , ., 

, . « Fio.23. Montlivaltia trockoidest 

larger septa meet, there is Olten inferior Oolite, showing exsert 

a vertical rod, which extends ®®P**- ^*" 
from the base of the chamber to the bottom of the calyx ; 
this is the columella (figs. 22 A, a; 28 c). Its structure 
varies considerably ; when it is solid and ends in a knob 
or point in the calyx, it is said to be stylifoi'm ; sometimes 
the top is porous or spongy. When the columella consists 
of twisted laminae it is termed trabeculate ; if formed by 
the twisting together of processes given oflf from the inner 
edges of the septa, it is false : in some genera there is no 
columella. Other vertical partitions, somewhat similar 
to the septa, are the pali (fig. 22 4, c)\ these are 
radiating plates attached to the columella and placed 
opposite the inner edges of some of the shorter septa. 
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but not joining them. Bars or rods, known as synap- 
ticuke, are often found passing from one septum to another. 
Similarly, adjacent septa are often connected by plates, 
which may be horizontal or oblique, straight or curved, 
and are called dissepiments (figs. 22 A, e; 28 d); in some 
genera they are very abundant near the margin of the 
visceral chamber and form a spongy or vesicular tissue 
(fig. 27 d). Lastly we have the tahulce (fig. 28 5, t), which 
are more or less horizontal plates, crossing the septa, and 
occupying the central part of the visceral chamber or, 
when well developed, extending quite across it ; they are 
arranged one above another, so that the visceral chamber 
is divided into horizontal compartments. On the outside 
of the wall of the coral there are, in some forms, vertical 
ridges, which may be smooth or spiny ; these are known 
as costce, and usually correspond in position with the 
septa. 

The young coral polyp is a free-swimming animal ; 
when it becomes fixed the first part of the skeleton to 
appear is a circular plate between the base of the polyp 
and the surface to which it is attached; on this plate 
radial ridges — the first traces of the septa — are secreted 
in folds formed in the base of the polyp between the 
mesenteries. The theca next appears at the edge of the 
plate, either by the union of the ends of the septa, or 
as an independent structure. For some time the polyp 
extends down to the base of the visceral chamber of the 
skeleton (fig. 20) and a fold hangs over the outside of the 
theca (fig. 20, 6, 7) ; but as the septa, theca, etc., increase 
in height the lower part of the visceral chamber (in most 
cases) becomes more or less completely cut oflf by the 
development of dissepiments or tabulae, below which the 
soft parts do not extend. As growth proceeds more of 
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these partitions are formed, and eventually a large part of 
the coral ceases to have any direct connexion with the 
polyp. 

Some corals remain simple (i,e, consist of a single 
individual throughout life). Others, which are simple in 
the young state, afterwards become compound and form 
colonies, either by giving oflf buds, or by fission. In 
budding, new individuals may arise from the part of the 
polyp which extends outside the theca (fig. 20, 6, 7), in 
which case a branching coral like DendrophylUa (fig. 24-4) 
is frequently formed: this mode of increase is termed 
lateral budding. In other cases buds arise on the upper 
surface of the old polyp, and then the young corallites are 
found inside the calyx of the parent — hence this is known 






Fig. 24. A. Dendrophyllia nigrescens, showing corallites which have 
been produced by lateral budding, Recent, x J . B, Cyathophyllum 
truncatum, showing calicular budding, Wenlock Limestone. Natural 
size. C, Cladochonus crassus (seen from above), showing basal 
budding, Carboniferous Limestone. Natural size. 

as calicular budding (fig. 24 5). In basal budding (fig. 
24 G), which is rare in the Madreporaria but common in 
the Alcyonaria, the buds spring from creeping prolonga- 
tions or stolons, which are given oflf from the base of the 
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corallite. Fission, or divisioa into halves, eommencea by 
the mouth becoming slightly constricted in the middle, and 
this goes on until two distinct mouths and two polyps are 
formed, after which a similar division takes place in the 
skeleton. When the individual corallites in a compound 
form are free and diverge from one another, the corallum is 
termed dendroid (fig. 24 A) : when they are in contact, it 
is massive. If the corallites are not in contact the spaces 
between the individual corallites are sometimes filled up 
with calcareous material formed by the coenosarc, and 
known as ccenenchyma. In many compound corals {e.g. 
Acervularia) the base of the corallum is covered by a thin 
epithecal plate— the basal epitheca. 

In dendroid corals (fig. 24 J) the polyps on the 
different corallites are quite separate from one another; 
but in maasive corals, whilst the upper parts of the polyps 
are more or less separate, the lower parts are united. 
When ctenenchyma is present the polyps are united by 
an extension of the part which ordinarily occurs outside 
the theca, and now forms a sheet called the coenosarc. 



Fid. 26. Beodon of a disBepiment of Oalaxea. Magnified, g, gronlb- 
lamellie. (From M. M. Ogilvie.) 

Microscopic examination of thin sections shows that 



80 ANTHOZOA. ZOANTHARIA. 

each part of a coral ia formed of thin layers or growth- 
laraellte which conaiat of fine needle-like crystals placed 
more or less perpendicularly to the surfaces of the lameUie. 
In a section of a dissepiment (fig. 25) a aeries of lines 
parallel to the surface and other finer lines crossing at 
right angles are seen — the former mark the growth- 
lamelbe, the latter the crystalline fibres. In a transverse 
sectdon of a septum (Bg. 26) there is a median dark line 



FiQ. 26. TrausTerEe section ot part of a aeplam and theca of Qataxea. 
Highly magnified. 4, dark Epote ; g, growth tamelliB ; a, granule on 
Heptam. (From M. U. (^Ivie.) 

or row of dark spots, on each side of which the structure is 
symmetrical. When the surface of the septum is plane, the 
lamellEe are straight, or nearly straight, and parallel with 
the surface, and the fibres are perpendicular; but when 
the surface is ridged the lamellse are curved so as to be 
parallel with the ridges, and the fibres radiate out from 
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the dark median spots toward the curved surface of the 
ridge (fig. 26). When the septa bear striae, granule, or 
spines, in addition to ridges, the folding of the lamellae and 
the radiating arrangement of the fibres become more 
complex ; but in all cases the structure is directly related 
to the form of the surface. The dark lines and spots 
represent the part of the septum which was first secreted; 
their dark appearance may be. due either to the less 
regular arrangement of the fibres or to the imperfect 
calcification of the material of that part. In fossil corals 
the dark part has often undergone secondary changes 
which give it a more distinct appearance. 

By most authors the Madreporaria have been divided 
into three sections : (1) the Aporosa, (2) the Perforata, and 
(3) the Rugosa. It appears, however, that this classifica- 
tion can no longer be maintained. The characters which 
were regarded as distinctive of these groups are : — 

(1) Aporosa. Theca and septa solid, the latter generally 
in multiples of six, with usually six primary septa. Tabulae 
rare. Ex. Turbinoliay Flabellum, Montlivaltiay Parasmilia, 
Isastrcea, Stylina, Thecosmilia, Uolocystis. 

(2) Perforata. Distinguished from the Aporosa by 
the septa and theca being perforate. The perforations 
are sometimes numerous, so that the skeleton appears to 
consist of a network of rods. Ex. lAtharcea. 

(3) Rugosa. Septa and theca solid, tabulae well 
developed. The coral is divided into quadrants by 
four primary septa, and is also usually bilaterally sym- 
metrical owing to the symmetrical arrangement of the 
septa on either side of two opposite primary septa ; and 
usually one of these primary septa is placed in a fossula, 
and sometimes the opposite septum also. In rare cases 

w. p. 6 
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one or both of the other primary septa are in fossulaB. The 
Rugosa are found almost entirely in the Palaeozoic forma- 
tions, and the name of the group is taken from the vertical 
ridges often seen on the wall of the coral. The fourteen 
genera described on pages 83 to 85 belong to this group. 

It is diflBcult to separate the Aporosa from the Per- 
forata, since some of the former possess a few perforations 
in the septa, whilst the latter occasionally have nearly 
compact septa. 

The hexameral symmetry which was supposed to dis- 
tinguish the Aporosa from the Rugosa is now known to 
be inconstant ; frequently other arrangements (tetrameral, 
pentameral, etc.) of the septa are found. On the other 
hand the tetrameral symmetry and septal fossulae are not 
always present in the Rugosa. Tabulae are sometimes as 
well developed in the Aporosa as in the Rugosa. It 
appears, therefore, that there is no character which will 
distinguish the Rugosa, as a group, from the Aporosa; 
but that certain features (tetrameral and bilateral sym- 
metry, tabulae, fossulae) are more commonly present in the 
former than in the latter. Further, it has been shown 
that certain families of Aporosa, especially those found in 
the early Mesozoic, approach very closely some of the 
families of the Rugosa and are probably the descendants of 
those fiimilies ; thus, for example, the Astraeidae (Aporosa) 
are closely related . to the Cyathophyllidae (Rugosa). 
Consequently, instead of regarding the Rugosa as a cir- 
cumscribed group which became extinct, or nearly extinct, 
at the close of the Palaeozoic period, we must rather look 
on the various Rugose families as the ancestral forms from 
which a number of Aporose families have sprung inde- 
pendently. 
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OyathophyllUm (SgR- 22 B, 27). Simple or com^iound : ofteu 
maaaiva- Sejita numerous, of 
two sizes, iiltemating, the longer 
giving rJHe to a fulso columella. ' 
Tubulse rather small, occupying 
the central part ooly of the visce- 
ral chamber. Dissepimenta form 
an extensive peripheral zone of 
Tosicular tissue. Bala to Car- 
boniferous Limestone, Ex. C. 

ferous. tion of a vertical section, it, 

AcemUarla. Compound, diBBepimenta; (. tftbd«. For 

A\,«*>w<uu>. V. t^ , horizontal aeotion see fig, 16 B. 

massive ; corallites with an outer 

polygonal (frequently heiagonal) theca, and an inner circular wall 
formed by the thickening of the septa, Septa welt developed, reach- 
ing the centre. Columella absent. Tabula extend across the central 
part of the visceral chamber. Dissepimonts form a ]«rii)heral zone 
of vesicular tissue. Silurian to Devonian. Ex, A. ananas, Silurian. 
PhilllpBaitrSBa { = Smithm). Compound, massive. Septa 
numerous, with oblique ridges; septa of adjacent corallites con- 
Huent. Theca thin or indistinct. No columella. Tabulte and 
dissepiments well develoiied. Devonian and Carboniferous. Ex. 
P. AemtaAi eaid P. pengeUgi, Devonian; P. radtatit. Carbon ifennis, 

A B 



Fio. 28. LitbottTotion batattiforme, Carbonircroos Limestone. A. Hori- 
zontal section of a single coiallite, x 2j. B. Tertioat seotiou, x G ; 
c, columella ; t, tabulie ; d, disgepimenta ; w, theca, 
Iiithostrotlon (fig. 28). Compound, masaive and with pris- 
6—2 
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matic corallitee, or formed of separated, nearly parallel, cylindrical 
corallitea. Septa well developed, alternately long and Bhoii. Colu- 
mella stylifurm, laterally compres£«d. Peripheral zone of dissepi- 
ments narrow. Tabulae wide, occupying the centre of the visceral 
chamber. Septal fosaulte often well marked. Carboniferoiia Lime- 
stone. Bi. L. batalti/wmt, L.junceum. 

Omphjrma. Simple, turbinate. Septa numerous, alternately 
long and short, but extending only a abort distance into the visceral 
chamber, the central part being occupied by tabulsa. The four 
primary septa are placed in shallow fossulse. No columella. Peri- 
pheral zone of dissepiments narrow. The theca gives off root-like 
processes. Bala to Lower Ludlow. Ei. 0. tublurbittata, Wenlock 
Limestone. 

Cllslophyllum (fig. 29). Simple, turbinate or subcylindrical. 
Septa numerous, alternately long and 
short ; a well-marked septal fossida. In 
the centre of the visceral chamber is' a 
large 'paeudo-columella,' which consiste 
of vertical radiating plates crossed 
obliquely by vesicular tabulce ; this struc- 
ture forms a prominent projection at the 
bottom of the calys. The pseudo-colu- 
mella is surrounded by a zone formed of 
tabulae, and external to this la a large 
zone of dissepiments. Carboniferous 

Limestone. Ex. C. biparlUKm. Fra. 29. ClmopliffUumbi- 

parti luiu, Carboniferona 

Oyclophylluin. Like C'Hsiophyl- Limestone. Borizontal 
Iwm, but with pseudo-columella sur- eection showing the large 
J J 1 J- .- . 11 n 1. • oentral ' pseudo - colu ■ 

rounded by a distinct wall. Carboni- mella.' Natural size, 
forous Limesteno. Ex. C. fungitet. 

IiOnsdaleiai Similar to C'lisiofi/igllum, but compound, and 
the septa do not reach the wall of the corallite. Carboniferous Lime- 
stone. Ex. L. dvjdicata. 

Zaphrentii (fig. 30). Simple, free, bilateral ; turbinate, conical 
or cylindrical, often curved ; calyx deep. A woU-marked septal fossula 
in which the septum is small or sometimes absent. Septa numerous. 
TabuUe well developed, extending quite across the visceraj chamber. 
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Bisaepiments few, never forming a peripheral Tesicular zone. Colu- 




F:a. 30. Zaphrentit patal 

section. B, vertical section showing tabulie. /, septal fossula. 
Natural size. 

mella absent. Theca thick. Wenlock Limestone to Carboniferous 
Limestone. Ex. Z. ennukUleni, Cftrboniferoua. 

AmplexUB. Similar to Znphrentii, but generally cylindrical, 
and with very short aepta. Ex. A. coraUindet, Carboiiiferoue. 

Streptelasma. Simple, conical or turbinate, with a thick 
wolL A septal fosMiiIa present, but Bometimes obscure. Cohimella 
large, trabeculate. Tabul» irregitlar, usually poorly developed. 
Diaeepiments few. Ordovician to Devonian. Ei. .S". comiculum, 
Ordo\'ician. 

Cystiphyllum. Simple, conical. Septa and tabulie absent 
or rudimentary ; visceral chamber filled with vesicular tissue, the 
outer part consisting of dissepiments, the central part representing 
tabulte. Columella absent. Calyx sometiiues dee{>, sometimes 
shallow, often with ridges representing septa. Silurian and Devo- 
nian. Ex. G. vesimUoKim, Devonian. 

Calceola {fig. 31). Simple, conical or slipper-shaped, one aide 
is flat, the opposite convex ; calyx very deep and closed by 
lunar operculum, which has on its inner surface a strongly marked 
median ridge and several less prominent lateral ridges; septa indi- 
cated by atnee. An epitheca is present. Middle Devonian. £x. 
C tandalina. 

Chmlophyllum. Similar to Calceola, but quadrangular 
oj^terculum consists of four pieces forming a pyramid over calyx 
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Siluriau. Et Q. JUtcheri, Wenlock Limeatone. 
also occurs in Jthitophyllum, Sihu-iftn. 



Fta. 81. Caleeola tandalina, from the Middle Devonisn; A, showing 
interior of caJyz ; B, inside of opennlnm of the same. Natural size. 

Tnrblnolla. Simple, conical, free; calyx circular, with pro- 
jecting columella. Septa exaert. Coatio lamellar, projecting, with 
pits in the grooves between them. No diBsepiments or tabulie. 
Eocene and Oligoccne (? Recent). Ex. T. hutailix. Barton Beds. 

FlabellUm. Simple, compressed, fan-shaped, free or fixed by 
rootlets. Calyx narrow, deep; septa numerous. Columella trabe- 
culate. CostiB smooth or spiny. Eocene to [ircsent day. Ex. 
F. woodi. Coralline Crag. 

Hontllvaltla (fig. 23). Simple, fixed or free; turbinate, 
cylindrical, conical, or discoidal. Epitheca well developed, theca 
thin. Columella absent. Septa numerous, strong, often eiscrt, the 
up)>er edges dentate. Dissepiments abundant. Trias to Recent ; 
in England, Lias to Coratlian. Ex. M. Croc/i<nde», Inferior and 
Great Oolites. 

ParasmiUa. Simple, fixed, turbinate or elongated. Calyx 
circular. Columella spongy. Septa well developed, eisert, granular 
on the sides. Wall with costte. Cretaceous to present day; in 
England, Chalk. Ex. P. eentralu, Chalk. 

Isaitnea. Compound, massive; calyces polygonal. Walls 
of the corallit«a fused along their entire length. Columella rndi- 
nientary or absent. Septa thin and close together. Dissepiments 
abundant Trios to Eocene ; in England, Lias to Upper Greenaand. 
Ex. /. explanata, Oorallian. 
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Stylina. Compound, usually massive; calyces circular, pro- 
jecting, usually separated. Columella small, styliform. Septa exsert. 
Dissepiments abundant. Corallites united by costse. Basal epi- 
theca with folds. Trias to Cretaceous ; in England, Inferior Oolite 
to CoraUian. Ex. S. tvhuli/era, Corallian. 

Thecosmilia. Compound, dendroid or rarely almost massive. 
Multiplication by fission. Margins of calyces irregular. Columella 
rudimentary or absent. Septa strong, upper edges dentate, more or 
less exsert. Dissepiments abundant. Epitheca thick and folded, 
but often not preserved. - Trias to Tertiary ; in England, Lias to 
Kimeridgian. Ex. T. anmdaris, Corallian and Kimeridgian. 

Holocystis. Compound, massive, convex ; calyces polygonal. 
Columella very small. Corallites imited by their walls or by costae. 
The four primary septa are much better developed than the others. 
TabulsB well developed. Lower Greensand. Ex. IT, elegans. 

Thamnastraea. Compound, massive; convex or laminar. 
Walls of the corallites indistinct. Calyces shallow. Septa of adjoin- 
ing corallites confluent ; faces of septa with granulations. Columella 
small, trabeculate. Dissepiments present, synapticulsB numerous. 
Usually a basal epitheca. Trias to Miocene ; in England, Lias to 
Upper Greensand. Ex. T, aracknoides, Corallian. 

Micrabacia. Simple, free, discoidal, base concave. Colu- 
mella false. Septa n\imerous, with their outer edges perpendicular. 
Synapticulse present. Theca on the base only, thin ; costae granular. 
Upper Cretaceous. Ex. M, coromUa, 

Iiitharaea. Compound, massive. Calyces more or less poly- 
gonal. Septa well developed, the faces spiny, the upper edges 
dentate. Walls of the corallites reticulate. Columella formed 
by the ends of the septa. Eocene to Miocene. Ex. L. loehsteri, 
Bracklesham Beds. 



ORDER n. ALCYONARIA. 

The Aicyonaria are nearly all colonial organisms ; the 
polyps possess eight mesenteries and eight tentacles, the 
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latter being provided with pinnules (fig. 32, 4). In the 
stomodteum there is only one groove with cilia, and the 
longitudinal muscles on the mesenteries are all directed 
toward the groove (fig. 33, 6). All the mesenteries reach 
the stomodffium (i). The nature of the skeleton varies 
considerably; in Alcyomum it consists of isolated spicules 



Fro. 33. Fart of a colon; of AUyonium digitatnm, sbowiog thirteen 
polj^ in varions stageB of retraction and expansion. (From Sfaipley 
and HooBride.) 1, mouth; 2, lEsophagus ; 3, meBentsrieB ; 4, ten- 
taclea. x 8, 

of carbonate of lime embedded in the common gelatinous 
base in which the polyps are placed. In some cases it has 
the form of an axial rod surrounded by the soft parts ; this 
rod may consist of homy material {e.g. Gorgonia) or of car- 
e of lime (e.g. CoralUum, the red coral), or it may be 
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fonned of alternating segments of homy and of calcareous 
material as in Ids. In the 'organ-pipe coral' (Tubipora 



Fro. 33. TraDBverse section through a poljp of Alcyoniuvi digilatiim, in 
tbe region of the stomodEeum. x about 120. 1, cavitj of BtomodEeum 
or ffiBophagUB; 2, groove with cilia (aipbonoglypli) ; 3. ectoderm; 
4, gelatinaoB lajer; 5, entoderm; 6, mnscleB of meaenterieB ; 
7, cavitj between meaenteriea. (From Hickaon.) 



musica, fig. 34) the skeleton consists of numerous parallel 
tubes or corallites (a) which are not in contact but are 
held together by horizontal calcareous plates or 'plat- 
forms' (b). The walls of the corallites, although apparently 
quite compact, are really composed of spicules which have 
serrated edges and are firmly fitted together. A single 
polyp lives at the summit of each corallite ; spicules occur 
in the middle gelatinous layer of the polyp, and in the 
lower part become interlocked to form the solid wall of the 
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coniUite. The interior of each corallite is divided up by 
tabula) which are often funnel-shaped (fig. 34 c). 



Fio. 34. TabipoTa muiica, Beeent. A, part of a colony, natural size. 
B, diagrammatic vertical section of one corallite (enlarged) showing 
canals in the wall and plattorm. a, corallite; b, piatfonn; c, tabula. 

In some of the Alcyonaria, as for example Pennatula, 
there are in addition to the ordinary polyps (or autozooids) 
others of a more rudimentary character, known as sipkono- 
zooids, in which tentacles are absent. 

The blue coral (Heliopora) differs from all other living 
Alcyonaria in that the skeleton consists of calcareous fibres 
instead of spicules, and in this respect resembles the 
Madreporaria. Heliopora has the form of branched or 
lobed masses, and is composed of tubes of two sizes ; the 
larger tubes or corallites are circular and possess usually 
fifteen spine-like projections at their summits with ridges 
below; these are called pseudosepta, since they are not 
related to the number of mesenteries and do not corre- 
spond with true septa. The smaller tubes form a 
ccenenchyma between the corallites, and are more irregular 
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in form. Both comllites and coenenchymal tubes are 
divided by horizontal plates or tabulae. The soft parts 
form a thin sheet over the surface of the skeleton ; polyps 
{fig. 35, ah) are placed in the corallites and give off 



FiQ. 85. Heliapora carulea. A single poljp and the ndjftcent soft parts. 

a, the projecting part ot the poljp with eight pinnate tentacles; 

b, lower part ot the pol}^ ; c, ectoderm ; d, sheet ot canals ; 
e, eieoa. (From Bonme.) 

branching tubes (d) which cover the OBnenchyma and 
send blind prolongations or cteca (e) into the tubes of 
the ccenenchyma. The cseca were formerly r 



Alcyonaria are rare as fossils, unless the Palceozoic 
genera, described below, be included in that group' ; but 
the systematic position of these Palseozoic forms cannot 
yet be regarded as definitely established. Some of them 
present considerable resemblance to living Alcyonaria; 
for example, Syringopora is similar to Tvhtpora, and 
HeliolUes to HeHopora : on account of this, many authors 

' The Monticuliporoids, which range from tlie Ordovician to the 
Permian, are placed by some anthors in the Alcyonana, bnt bj others 
in the Polyzoa. 
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maintain that these fossil forms belong to the Alcyonaria, 
but this relationship is denied by other writers who point 
out the similarity between Favosites and the living Madre- 
porarian Alveopora; if it could be shown that these two 
forms are related, then it would follow that Favosites and 
other allied fossil genera (including SyHngopora) must be 
placed in the Madreporaria. 

Syringopora. Compound; corallites tubular, for the most 
part not in contact, more or less parallel. The visceral chambers of 
the different corallites are placed in communication by means of 
horizontal connecting tubes. Septa feebly developed, generally 
represented by rows of spines. Tabulae numerous, funnel-shaped. 
Budding basal. Llandovery to Carboniferous Limestone. Ex. >S'. 
reticulata^ Carboniferous. 

Syringopora agrees with Tuhipora (fig. 34) in consisting of 
parallel, cylindrical corallites, which have funnel-shaped tabulae, 
and in its basal-budding ;< it differs from Tvhipora in having much 
thicker walls which are not composed of spicules, and are not per- 
forated by minute canals ; also in having the tabulae much less 
regular in form and position, and in having septa represented by 
spines. The platforms of Tuhipora (which are traversed by canals 
opening into the corallites) are represented by the connecting tubes 
of Syringopora ; in one species of Syringopora (S. tahulata) the 
resemblance is particularly close, since the connecting tubes are 
given off from the corallites at definite levels in a radiating manner. 

Favosites. Compound, massive, sometimes branched. Coral- 
lites long and polygonal ; the walls are in contact but not fused, and are 
perforated by pores (* mural pores') arranged in rows along each face. 
Septa absent or represented by rows of spines. Tabulae numerous, 
regular, generally extending quite across the visceral chamber. Basal 
epitheca present. Bala to Carboniferous Limestone. Ex. F. goth- 
landicay Silurian. 

Favosites is related to Syringopora^ but the corallites are in 
contact, and the coimecting tubes are consequently absent, though 
probably represented by the mural pores. The living Madreporarian 
Alveopora agi^ees in general structure with Favosites^ but its waUs 
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are less compact, and its basal epitheca is quite small. Some corals 
(ag. Komnckia, Ubaghna) which resemble Favosites are found in 
the Upper Cretaceous, and are regarded by some writers as links 
between Favosites and Alveopora, 

Pachypora. Similar to Favosites, but the walls of the coral- 
lites are greatly thickened, especially near the surface of the coral, 
by a secondary deposit of carbonate of lime. Silurian to Carboni- 
ferous. Ex. F. cerviconiisj Devonian. 

Alveolites. Allied to Favosites. Massive, encrusting, or 
branching. Corallites laterally compressed, with thin walls and 
large mural pores. Silurian and Devonian. Ex. A. labeehei, 
Silurian. 

Pleurodictyum. Compound, discoidal, attached by part of 
the base, upper surface slightly convex. Corallites diverge from the 
centre of the base; walls thick, with irregular pores. Septa rudi- 
mentary. Tabulae not numerous, more or less united. A basal 
epitheca. Silurian and Devonian. Ex. F, problematicunij Devonian. 

BSichelinia. Similar to Pleurodictyum^ but the tabulae are 
more numerous and form a vesicular tissue, and root-like processes 
ai-e usually given off from the epitheca on the base of the coral. 
Devonian and Carboniferous. Ex. M. favosa, Carboniferous. 

Heliolites (fig. 36). Corallum compound, massive or branch- 
ing, formed of tubes of two sizes ; the larger circular ones are the 
corallites, between which come the smaller polygonal tubes formuig 
the coenenchyma. Tabulae occur in both, and in the corallites there 
are lamellar septa also, which are usually twelve in number. Colu- 
mella sometimes found in the corallites. Bala to Devonian. Ex. 
H. porosus, Devonian. 

In general structure Heliopora is similar to Heliolites, but is 
more branching, whilst Heliolites forms rounded or encrusting 
masses ; further, the smaller tubes which form the coenenchyma 
branch dichotomously in Heliolites, but in Heliopora new tubes are 
introduced between the older ones. By many writers these two 
genera are considered to be closely allied, but the relationship is 
denied by others, who state that important differences are found in 
the structure of the corallite walls and septa. According to Lind- 
strom and others, the corallites of Heliolites possess a distinct and 
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independcDt wall (theca) and also have well-developed septa, whilst 
in Jleliopwa the corallites are aimiily bounded by the walls of the 
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FiQ. 36. HtliolUee poToem,DevoDiaii. A. Horizontal seclion. B. Ver- 
tical Beotion. a, corallites; b, tabes forming the ccenenchjma; 
c, tabalie. Enlarged. 

ccenenchymal tubea, and poftsoiM only ridges instead of septa except 
at the openings of the corallites. Bourne, on the other hand, con- 
siders that the corallites of ffeliolites possess no independent wall, 
and agree in this respect with Hdiopora. There is a groat interval 
of time between the last appearance of ffelitdites and first appear- 
ance ot Heliopora; the former and its allies are not known in rooks 
of lat«r age than the Devonian, while the latter haa been recorded in 
rocks of Cretaceous and later date only. In the Cretaceous, however, 
Polytr^nacu is found, and is regarded by Gregory as a connecting 
link between Heliolites and Heliopora. 

Plssmopora. Allied to Heliolitei. Usually discoidal or 
hemispherical. Walls of smaller tubes incomplete or absent, and 
their tabuLs forming a vesicular tissue. Septa in corallites lameUar, 
and prolonged outside each calyx, so as to enclose large spaces 
of uniform size. Basal epitheca with concentric ridges. Ordovician 
to Devonian. Ex. P. petaliformig, Siludan. 

Propora. Allied to Plasmopora. Edges of calyces projecting ; 
septa represented by spines, and not prolonged outside calyx so as 
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to enclose large spaces. Ordovician to Silurian. Ex. P, tvhylcUa, 
Wenlock Limestone. ^ 

Haly sites. Compound; corallites long and tubular, arranged- 
in a single row and united at their sides so as to form laminae, which 
intersect; in some species the corallites are of two sizes — the 
smaller perhaps represent the ccenenchymal tubes of Heliolites. 
Epitheca thick. Septa absent or represented by spines. Tabulae 
well developed, horizontal or concave. Llandeilo Beds to Wenlock 
Limestone. Ex. H. catemdaria, Wenlock Limestone. 

Chaetetes. Massive, often laminar, consisting of slender, 
tube-like polygonal corallites; walls thin, without perforations. 
Tabulae few, widely separated. Chiefly Carboniferous. Ex. C. 
radians. The systematic position of Chcetetes is xmcertain ; by some 
authors it has been referred to the Polyzoa. 



Distribution of the Anthozoa, 

From the point of view of their distribution at the 
present day, the Madreporaria may be divided into two 
groups, the solitary and the reef-building. 

The solitary corals {i.e, the corals which do not form 
reefs) are found in almost all latitudes, but live mainly in 
rather deep water, the larger number occurring between 
depths of 50 and 1000 fathoms; some few {e,g, CaryophyU 
lid) live in quite shallow water, whilst orthers inhabit the 
depths between 1000 and 2900 fathoms. The species of 
solitary corals have a wide distribution, being apparently 
but little affected by conditions of temperature and depth. 
It might therefore be expected that they would also have 
a long range in time; this however is not the case, for 
existing species extend but a short way back into the 
geological record, and not a single living form is found 
fossil in the English Cainozoic formations ; about a third 
of the living genera, however, are represented in Cainozoic 
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rocks, and a few {e,g, Garyophyllia, Parasmilia, Trocho- 
cyathiis) occur in Mesozoic formations, but none range into 
the Palaeozoic. 

The distribution of the reef-building corals, unlike that 
of the solitary forms, is limited by both depth and tempera- 
ture. Thus they are found only in shallow water, not 
usually extending lower than 20 or 30 fathoms, and only 
where the temperature of the ocean is not less than 65° F.; 
they flourish only in water warmer than this. Like the 
solitary corals> the reef-building genera of the present day 
have but a very limited geological range, only a very few 
extending back so far as the Mesozoic period. 

Corals, with possibly one or two exceptions, can only 
exist in salt water; but Madrepora cribripora is said to 
inhabit nearly fresh water. Clear water is likewise 
generally necessary, but one species, Porites limosa, thrives 
in muddy situations. Iii geological times, and especially 
in the Palaeozoic and Mesozoic periods, the reef-building 
corals had a much wider geographical range than they have 
at the present day, and their remains occur abundantly in 
various formations in both temperate and polar regions ; 
but in the course of the later Cainozoic period the range 
of the reef-builders' became more and more restricted until 
the present limits were reached. 

The Alcyonaria occur in all parts of the world, and are 
found at all depths from the shore-line down to 2,300 
fathoms, but they are most abundant at depths of less 
than 100 fathoms ; beyond this limit the number of species 
gradually diminishes as the depth of the water increases. 

The Palaeozoic families which have been referred to 
the Alcyonaria are almost entirely unrepresented in later 
formations. Very few of the modem Alcyonarian families 
occur fossil, but the Pennatulidae are represented in the 
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Trias by Prographularia, in the Cretaceous by Pavonaria, 
and in the Cainozoic hy Oraphularia, The red coral, Coral- 
Hum, is found in the Cretaceous and Cainozoic (perhaps 
also in the Jurassic); forms allied to Gorgonia occur in 
the Cretaceous and Tertiary rocks; Isis is found in the 
Cainozoic, and perhaps also in Cretaceous formations. 
Spicules, similar to those of Alcyonium, have been detected 
in the Upper Cretaceous. Heliopora is first recorded from 
the Cretaceous. The organ-pipe coral, Tubipora, has not 
been found fossil. 

Fossil corals are comparatively rare in argillaceous 
and arenaceous beds but usually abundant in calcareous 
rocks, many limestone rocks being formed almost entirely 
of coral remains. This is indeed what might be expected, 
since existing forms can, as a general rule, live only in clear 
water. 

The chief features in the geological distribution of the 
Anthozoa are given in the following table. 

Cambrian. A few corals have been recorded from this system in 
North America and the south of Europe (Sardinia and Spain) 
Archceoci/athus, CoscinocyathuSy EthmophyUum. 

Ordovician. In North America corals (especially Streptelasma) 
are common in this system, but in England only a few forms have 
been found, the most important being Favosites, Heliolites^ HaZydtes, 

Silurian. Corals are very abundant, especially in the Wenlock 
Limestone. Gyathophyllum, AcervvZaria, Omphymay Liridstroemiay 
Ooniophyllum, Syringopora^ Favosites, ffelwUtes, Pldsmopora, Holy- 
sites, 

Devonian^ Cyatkophyllum^ Acervvlariay Phillipsastrcea ( = Smi- 
thia)f Cystiphyllum, Catceola, Favosites, Pachypora, Pleurodictyum, 
Heliolites. 

Carboniferous. Cyaikophyllum, Lithostrotion, Clisiophyllum, 
Cyclophyllum, Lonsdaleia, Zaphrentis, Amplexxis^ Michelinia, Syrin- 
gopora. 

w. p. 7 
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Permian. Only a very few forms have l)een found. 

Trias. Corals ate absent in England, but abundant in the Alpine 

Trias; most of the Palaeozoic forms have become extinct and we 

find in place of them Rhahdophyllia^ Cladophyllia^ Montlivaltia^ 

Thecosmilia, Isastrcea, Fhyllocosnia, Astrocceniay Stylina, Omphalo- 

phylUa. 

Jurassic. Montlivaltia, IscLstrceay Thamnastrcea and Thecosmilia 
are found in the Lias but are not common; in the Oolites they 
become very abundant and several other genera also occur, e.g. 
Stylina^ Cyathophoray Cladophyllia^ Calamophyllia^ Anahada. 

Cretaceous. Corals are not abundant in England; the chief 
forms are Parasmilia^ Trochocyathus^ Micrahada, Holocystis. In 
some parts of Europe, especially in the Gosau beds (of Chalk age) of 
the Austrian Alps, corals are very numerous, and include CycloUtes^ 
Astroccenia, Thamnaatroeay etc. 

Cainozoic. Corals are rare in English Cainozoic formations: 
Turbinolia, DendrophylUa^ Oculina and Litharcea occur in the 
Eocene; Madrepora in the Oligocene; Flahellum in the Pliocene. 
In the middle and south of Europe, corals are found abundantly in 
various Cainozoic deposits. 



PHYLUM ECHINODERMA. 



Sub-Phyla, Glasses, 

1. Asteroidea. 

2. Ophiuroidea. 
1. Eleutherozoa ^3 Echinoidea. 

4. Holothuroidea. 

1. Crinoidea. 

2. Cystidea. 



2. Pelmatozoa. 



3. Blastoidea. 

4. Edrioasteroidea. 

The animals included in this division are all marine; they 
comprise the starfishes, brittle-stars, sea-urchins, sea-lilies, 
sea-cucumbers, and the extinct blastoids and cystideans. 
The body is very often radially symmetrical, the symmetry 
being generally pentamerous. But in many cases there is 
also a more or less well-marked bilateral arrangement of 
parts. The echinoderms are never compound animals. In 
the majority of cases the alimentary cavity terminates in 
an anus. A body-cavity or coelom is present and surrounds 
the alimentary canal. The water-vascular system is one 
of the distinguishing features of the group ; it consists of 
a set of vessels containing a watery fluid and generally 
placed in communication with the sea- water by means 
of a canal ; one vessel forms a ring round the oesophagus 
from which radiating trunks are given oflF. The water- 
vascular system functions generally in locomotion, and also 

7-2 
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in reapiration. A nervous system is present and has a dis- 
tribution similar to that of the water- vascular system. 
Reproduction is mainly sexual; as a rule the sexes are 
separate, but they do not differ externally. 

In all the echinoderms there is a dermal skeleton. 
This is calcareous and consists sometimes of isolated pieces, 
but more usually of rods or plates, forming a complete 
shell or test, which may be either flexible or rigid ; spines 
and other processes are often attached to the plates. 
When examined microscopically each part of the skeleton 
is found to be formed of a network of calcareous rods 
(fig. 37). The details of the structure vary in different 
forms, depending on the size and shape of the spaces 
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Fia. 37. A. Portion o( tranaveiBe Bection of a Hpine of a 8«a-urchili, 
EehiTtomelTo, Becent. Msgoified. B. SeotioD of interambnlacral 
plate of recent CidarU cat psiallel to the sniface, MaguiGed. 

between the rods. In the spines of sea-urchins the net- 
work of rods has usually a radial arrangement, with 
polygonal or rectangular spaces (fig, 37 j4), except at the 
centre, where the structure is more irregular. Another 
characteristic feature of the skeleton is that each com- 
ponent part shows the optica! characters of a crystal of 
calcite, and differs only fi-om an ordinary crystal in not 
having crystal contours and in the possession of the netted 
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structure. In a plate the principal crystallographic axis is 
at right angles to the surface, in a spine it is parallel with 
the length. In fossil specimens the spaces in the network of 
rods usually become filled with calcite, which is deposited 
in crystalline continuity with that forming the plate or 
spine. In such cases the characteristic cleavage of calcite 
becomes well marked, so that when the plate or spine is 
broken, the fracture passes along the cleavage planes, 
instead of being irregular as in the recent forms. By the 
infiltration of calcite and the development of cleavage, the 
organic structure in fossil echinoderms is sometimes more 
or less completely destroyed. 

The Echinoderma are divided into eight classes: — 
(1) Asteroidea ; (2) Ophiuroidea ; (3) Echinoidea ; (4) Holo- 
thuroidea; (5) Crinoidea; (6) Cystidea; (7) Blastoidea; 
(8) Edrioasteroidea. The first four classes include the 
fi*ee forms and are grouped together as the Eleutherozoa ; 
the remaining four classes are known as the Pelmatozoa, 
the members of which are characterised by being attached, 
by means of a stem, to the sea-floor or other foreign object 
during some part of their existence, and by having the 
mouth directed upwards. 

I. ELEUTHEROZOA. 
CLASS I. ASTEROIDEA. 

The Asteroidea or starfishes have a flexible body which 
may be pentagonal in outline, but is usually more or less 
star-shaped, consisting of a central part, known as the 
disc, and of five arms or rays. In a few forms there are 
more than five arms, e.g. Solaster papposus has thirteen. 

The mouth is at the centre of the disc on the under 
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surface, and along the under surface of the arms are rows 
of tubular processes, the tube-feet, which are connected 
with the radial water-vessel. This surface of the body is 
called the oral, ambvlacral, actinal or ventral surface. The 
uppersurface is aborat, anti-amhulacral, ahacttnal or dorsal; 
on it occur the anus and madreporic plate. The anus is 
situated near the centre of the disc, but in some forme 
(Astropecten) is absent. The madreporUe or madreporic 
plate is a porous plate placed between two of the rays on 
the disc ; sometimes more than one is present. 

On the ventral surface, extending from the mouth to 
the tip of each arm, is a deep groove, the amimlacral 
groove ; this is formed by two rows of plates known as the 
ambulacral ossicles (fig. 38, a-), 
which are in contact dorsally ; 
the ossicles on one side of the 
groove are movably articulated 
with those opposite. Along 

each side of the ambulacral „„„„,. , .. - 

Fia. 38. Section ot the arm of a 
groove there is a row of pores, Btar-fiah {AitTopfctfjt). a, am- 

each pore being between two „^ p,^tefl; c, i^ferior-marginal 
ossicles; generally the pores plates vrith apinea; d. auperior- 
, . , - , , ,. marginalfli t, radial water ves- 

are arranged ma straight hoe, eel; /.ampulla; j, tube-feet. 
but in some forms they are Enlarged. 
zigzag, being alternately near to, and distant from, the 
middle of the ambulacral groove. External to the rows 
of ambulacral ossicles there is, on each side of the groove, 
another row of plates, the ad-ambulacral plates (b). At 
the sides of the arms there are in many cases two rows of 
margiiial plates (c.d) — the superior- imd inferior-marginals. 
In some forms marginal plates are small or absent. The 
dorsal surface of the skeleton is formed of a meshwork of 
calcareous rods with leathery skin in the inter-spaces, but 
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in a few forms distinct plates are present on the disc, there 
being sometimes a central plate with others arranged in 
circles around it. Short spines are often abundant. Pedicel- 
larice are also of frequent occurrence, especially on the dorsal 
surface; they are modified spines consisting typically of 
two movable blades which are often borne on a stalk, and 
probably serve to remove foreign bodies from the surface 
of the animal. Projecting into the mouth at the angles 
formed by the ambulacral grooves are five pairs of plates, 
which give the mouth a star-shaped form. The mouth 
leads into a short oesophagus which opens into the globular 
stomach ; above the stomach is the pentagonal pyloric sac, 
from the angles of which branches, which soon divide into 
two, are given oflf, and extend 
down the arms near the aboral 
surface. From the pyloric 
sac a short narrow intestine 
leads to the anus at the centre 
of the dorsal surface. The 
water-vascular system con- 
sists of a vessel forming a ring 
round the oesophagus (fig. 39, 
a), from which ring a branch 
(b) is given ofif to each arm 
and is placed in the ambulacral 
groove outside the skeleton. 
Each of these radial vessels 
gives off two rows of processes 
on opposite sides, which pass 
through the pores between 
the ambulacral ossicles into 
vesicles situated dorsally to 
the ossicles and known as the ampullcB {g\ and also into 
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Fig. 39. Diagram of the water- 
vascular system of a star-fish, 
a, circular vessel round the 
mouth ; 6, radial vessels ; c, 
Polian vesicles; d^ stone-canal; 
e, madreporic plate; /, tube- feet 
(only a few shown) ; ^, ampulla. 
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the tubular processes known as the ivbe-feet (/), which 
project along the ventral surface of the arm and are 
provided at their extremities with sucking-discs. The discs 
become attached to foreign bodies, and by means of the 
contraction of the tube-feet the animal moves. The water- 
vascular system is placed in communication with the 
exterior by a canal (fig. 39, d) passing from the circular 
vessel to the dorsal surface of the disc and ending in the 
madreporic plate. This is known as the stone-canal on 
account of the deposit of carbonate of lime in its walls. 
On the dorsal surface, and sometimes upon other parts 
of the body also, there are tube-like projections of the 
skin, which form simple respiratory organs known as 
dermal hranchice. 

The distribution of the main part of the nervous 
system is similar to that of the water-vascular system. 
It consists of a ring round the mouth and of a branch 
which extends down the ambulacra! groove of each arm ; 
there is also a layer of fine nerve-fibres under the ecto- 
derm. At the tip of each arm is an eye-spot. The 
genital glands occur in pairs at the base of each arm and 
they open to the exterior between the rays on the dorsal 
surface, but in some few cases the openings are on the 
ventral surface. 

Palaeaster. Body pentagonal. Arms thick, convex, short or of 
moderate length; dorsal surface formed of rows of small ossicles 
provided with spines. Ambulacral ossicles alternating on either 
side. There is a row of ad-ambulacral plates and also a row of 
large marginal plates. Madreporic plate small. Bala Beds to Car- 
boniferous. Ex. P. eucharu, Devonian. 

Palaeasterina. Disc large, pentagonal. Arms short, but 
distinctly marked off from the disc ; ambulacral ossicles alternating ; 
marginal plates smaller than ad-ambulacrals and with small spines. 
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Ad-ambulacrals boot-shaped. Disc with rounded and isolated plates ; 
on the dorsal surface a central plate is surrounded by a circle of five 
others, and four rows of plates occur on the dorsal surface of each 
arm. Ordovician and Silurian. Ex. P. primoeva, Ludlow. 

Galliderma. Body flattened, pentagonal-stellate, with the 
rays moderately long. Marginal plates large, forming a broad border 
to the disc, covered with granules. Dorsal surface of disc with small 
plates arranged regularly. Cretaceous to present day. Ex. C. mo- 
satcum, Chalk. 

Metopaster. Body flattened, pentagonal in outline, the rays 
only slightly produced. Marginal plates thick, covered with punc- 
tations and surrounded by a depressed border. Superior-marginal 
plates few in number, forming a broad border to the disc; the 
terminal pair of plates the largest. Dorsal surface covered with 
small polygonal (usually hexagonal) plates. Inferior-marginal plates 
more numerous than the superior-marginals. Plates on the ventral 
surface small, polygonal. Cretaceous. Ex. M. parkinsoniy Upper 
Chalk. 

Mitraster. Similar to Metopaster, but rounded (or slightly 
pentagonal) in form, with superior-marginal plates few and all of 
equal size. Chalk. Ex. M. hunteri. 

PalflBOCOma. Arms rather short. Ambulacral grooves narrow 
and shallow ; ambulacral ossicles numerous and alternating on either 
side. Ad-ambulacral plates large ; the adjoining row of plates with 
numerous long spines. Disc with small plates. Siliu'ian. Ex. P. 
marstom, Ludlow. 

Distribution of the Asteroidea. 

The Asteroidea have a wide distribution in the ocean 
at the present day ; they are most abundant at moderate 
depths, but also occur in abyssal regions. 

The fossil forms do not diflfer greatly from the modem 
ones, but many of those found in the Palaeozoic formations 
have the ambulacral ossicles alternating on either side of 
the ambulacral groove. The earliest star-fishes are found 
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in the Tremadoc Beds. The genus Palceaster appears in 
the Bala Beds. The group is more abundant in the 
Silurian, where Palceaster, Palcea^terina, Urasterellay 
Lepida^ter, and Palceocoma occur. Palceaster, Aspidosoma 
and others are found in the Devonian. The Jurassic 
forms have been referred to the genera Solaster, Astro- 
pecten, and Plumaster, Calliderma, Metopaster, Pentago- 
naster, and Mitraster occur in the Upper Cretaceous. In 
the Cainozoic rocks star-fishes are rare. 



CLASS II. OPHIUROIDEA. 

In the Ophiuroids or brittle-stars, the body consists 
of a disc and arms. The arms are generally five in 
number, usually simple, but in some cases branched ; they 
are much smaller than in the star-fishes and are merely 
appendages of the disc and not prolongations. Usually 
they are long, cylindrical, and very flexible, serving for 
locomotion by means of movements which take place 
chiefly in a horizontal direction. Unlike the arms of the 
star-fish they do not contain any prolongations of the 
alimentary canal, and the ambulacral groove is not open 
to the exterior. The arrangement of the nervous and 
the water-vascular systems is similar to that found in 
the Asteroidea, but the tube-feet are not provided with 
sucking-discs and there are no ampullae. The madreporic 
plate is on the ventral surface. There- is no anus, and 
pedicellariae are nearly always absent. 

Generally there is a well-developed skeleton. In a 
typical case the following parts are found. Encasing the 
arms, there are four rows of plates (fig. 40), one dorsal, one 
ventral, and two lateral. The lateral plates are provided 
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with rows of spines. Between the lateral and the ventral 
plates are apertures for the 
passage of the tube-feet. The 
greater part of the space en- 
closed by the four rows of 
plates is filled up by a longi- 
tudinal row of ossicles (d); ^ 
each ossicle consists of two „ .a o ^- * xi. < 

Fio. 40. Section of the arm of 

parts which are nearly always an Ophiuroid (Ophiogiypha). a, 

fiispd tocrpthpr fllnncr thp dorsal plate ; 6, lateral plate ; c, 
lusea TiOgetner aiong tne central plate; d, ambulacral 

median vertical line. Each ossicles fused along the median 
. , . , , i • 1 i vertical line ; e. ambalacral 

ossicle in the row articulates groove. Enlarged, 
with the preceding and suc- 
ceeding one, so that the arm is flexible. On the ventral 
surface of the row there is a groove (e) in which the 
water- vascular vessel and the nerve cord are placed ; this 
corresponds to the ambulacral groove of the star-fish, and 
the plates above represent the ambulacral ossicles. 

The disc is usually round or pentagonal. On its 
ventral surface (fig. 41-4) the arms are prolonged so as to 
reach the mouth. The last pair of ambulacral ossicles, — 
those next the mouth, instead of being fused like the 
others, remain free, and each ossicle unites with that 
of the adjoining arm. The parts of the disc between 
the arms are known as the interbrachial areas ; these are 
covered mainly with scaly plates and granules, but in each 
of the areas there is one large plate, the buccal plate (b), 
and other smaller plates, projecting into the mouth, giving 
it a stellate form. One of the buccal plates serves as the 
madreporic plate. The genital openings (g) also occur on 
the ventral surface of the disc ; they are in the form of 
slits in the interbrachial areas, usually two in each, situated 
near the bases of the arms; occasionally there are four. 
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The dorsal surface of the disc (fig. 41 B) is, in most cases, 
covered with numerous small plates ; but usually there is 
at the bases of the arms on each side a large plate, the 
radial plate (r) ; there may also be a large plate at the 



Fia. 41. A. OphiuTa, Itecent. Ventral surface of disc and part of the 
ftrma. 6, buccal plates; g, genital slits; v, ventral plates of arms. 
B. Ophioglypha, Becent. Dorsal surface, r, radial plates; I, lateral 
plates of arms ; d, dorsal plates of arms, x 1}. 

centre of the disc surrounded by one or more circles of five 
plates. On this surface the arras end abruptly at the 
margin of the disc. 

Protoster. Disc well marked, witli fairly lai^e scales. Arms 
five, loDg, tapering, without ventral platea ; ambulacra] ossicles 
boot-shaped, alternating, not united. Ordovician and Silurian. 
Ex, P. tedgmeld, Silurian. 

laapworthura. Disc circular, well marked. Arms flexible, 
broad, at first of uniform width, afterwards tapering; ambulacral 
ossicles opposite, fused, their distal and proximal margina parallel, 
with plain articular surfaces; ventral arm-plates and buccal plat«s 
absent. Madreporic plate dorsal, large. Ludlow Beds. Ex. L. 
miltoni. 

Distribution of the Opkiuroidea. 

At the present day the majority of the Ophiuroids 
live in shallow water, more than half of the known 
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species being found above a depth of 30 fathoms, and 
most of these not extending lower. Other fonns occur at 
greater depths, as many as 69 species being found below 
1000 fathoms. 

Ophiuroids are rare as fossils; the earliest known 
form occurs in the Bala Beds, and belongs to the genus 
Protaster; this genus ranges on to the Silurian, where 
Lapworthura, Eucladia and others appear. In the De- 
vonian, Furcaster and several other genera are found ; in 
the Trias, Aspidura, In the Jurassic we find Geocoma, 
and forms which have been referred to the existing genera 
Ophiura, Ophiolepis and Ophiocten. A few, such as Ophio* 
glypha, occur in the Eocene. 

CLASS III. ECHINOIDEA. 

The Echinoids or sea-urchins have usually a globular, 
heart-shaped, or discoidal body, covered with spines. The 
shell or test is covered by a layer of ectoderm and consists 
of numerous calcareous plates, which, in the majority of 
cases, are immovably united. Nothing corresponding bo the 
ambulacral groove of the star-fish is to be seen on the surface, 
since the water-vascular system is internal to the skeleton, 
and as a result the tube-feet, in order to reach the exterior, 
must pierce the plates of the test. With one exception the 
mouth is always on the inferior surface ; it is either central 
or placed in front of the centre. The anus is either at 
the summit of the test or posterior to it, somewhere along 
a line drawn fi*om the summit to the centre of the base. 
In the regular echinoids both anus and mouth are central 
— being placed at opposite poles of the test; in the 
irregular echinoids the anus is always excentric, and often 
also the mouth. In the test we may distinguish three 
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parts : a small patch of plates placed at the summit, kDown 
as the apical disc or apical system; a series of plates 
surrounding the mouth; and the remainder of the test 

termed the c 



Fto. 43. A. Diagiam of the npper anrfaos of a regular eoMuoid, with 

the tubercles and Bpines omitted, a, ambolacral areas ; b, inter- 
ambulacra) areas ; p, pores in the ambnlacral plates. 

B. A.piealdiBootEcldniaetcttUntui.ReGeDl. a.auasip.periproot; 
g, genital plates, each with a pore; ni, madreporic plate; o, ocolar 
plates. Enlarged. 

In a typical echinoid of the regular group {e.g. Echinus) 
the anus is placed within the apical disc (fig. 42 B), which 
then consists of the following parts. Near the centre is 
the anus (a), which is surrounded by a membrane covered 
with scaly plates and known as the periproct (p). The 
periproct is encircled by a ring formed of tea plates, five 
are called genital (g) and five ocular (o). The genital plates 
form the inner part of the ring; they are often more or 
less hexagonal in outline, and are usually provided with a 
pore which serves as the opening for the genital ducts — 



ECHINODEBMA. ECHINOIDEA. Ill 

whence their name ; one has a porous structure and functions 
as the madreporic plate (m). Outside the genital plates 
and alternating with them are the ocular plates ; these 
are smaller than the genital and usually triangular or 
pentagonal, and each has a perforation through which the 
termination of the radial water-vessel projects, bearing at 
its tip what has been regarded as a rudimentary eye'. 
In most of the regular echinoids the apical disc is 




Fia. 43. Some typea of apical^ disc. A. Peltatlei wrigkti. Lower 
GreenBand. B. Eckinocorya vulgarie. Upper Chalk. C. Collyritti 
bicordata, Corallian. D. Paheechtniu, Carboniferous Limestone. 
E. Galeritfg nibrotvndvt, Chalk. In the figures the ocular plates 
are distingaUhed by dots, the genital plates by lioeB. m, madreporic 
plate; a, anus; b, sur-anal plate. All enlarged. 

large, but particularly so in Cidaria, Salenia, Peltastes, 
and their allies. In a few regular forms (e.g. PalcBchinus, 
fig. 4f3 D) the genital plates are completely separated from 

' The genital plates are aometimes termed bagaU and the oculars are 
also known as radialt, since, by some authors, they have been considered 
to represent the plates which bear tbe same names in other groDps of the 
GohiDoderma. It is more probable that, althoagta oocQpyiug similar 
positioDa, the; have origiiiated independentl; in the diOerent groape. 
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one another by the oculars, so that a single row of ten 
plates encircles the periproct. Each genital plate has 
usually one perforation only, but in many Palaeozoic forms 
(fig. 4p3 D) there are three, and in Cidaris often two. 
Similarly the oculars in some Palaeozoic echinoids have 
two perforations instead of one. In Salenia and Peltastes 
there is an extra plate in the apical disc known as the 
sur-anal or dorso-central plate (fig. 43 ^, 6) ; in the young 
of echinoids this plate occupies all the centre of the disc, 
but is usually not distinguishable in the adults ; in these 
two genera, however, it is retained throughout life. 

In the irregular echinoids the apical disc is small, since 
it does not enclose the periproct. The madreporic plate 
extends to the centre of the disc (fig. 43 E, m), and some- 
times (Spatangtis) reaches to the posterior border, separating 
the posterior oculars. The posterior genital is sometimes 
absent (fig. 43 -B), and when present may be without 
a perforation (fig. 43 E), In Echinocorys and Holaster 
the apical disc is elongated, owing to the anterior genitals 
being separated fi*om the posterior genitals by two oculars 
which join in the middle (fig. 43 5) ; in Collyrites (G) the 
apical disc is still more elongated, since the two posterior 
oculars are separated fi-om the rest of the apical disc by 
a chain of small plates. 

The corona consists of twenty rows of plates, each row 
extending fi-om the apical disc to near the mouth. The 
plates are of two kinds, amhulacral (fig. 42 A, a) and 
interambulacral (b); they are arranged in pairs, there 
being five double rows of ambulacrals separated by five 
double rows of interambulacrals ; each double row is 
termed an area. The former end against the ocular 
plates, the latter against the genital, and in each case 
fresh plates are developed next the apical disc. In each 
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area the plates alternate on either side, and since their 
inner ends are angular, the line between the two rows is 
zig-zag. 

The ambulacral plates are smaller and more numerous 
than the interambulacral, and they are perforated by 
pores (p) for the passage of the tube-feet to the exterior, 
a radial water- vessel being placed under each ambulacral 
area. The pores may be round or elongated; they are 
situated in the outer portion of the plates and are almost 
always in pairs ; each pair of pores corresponds to a single 
tube-foot, since each tube-foot divides at its base into two 
canals. Frequently each pair of pores is surrounded by an 
oval raised rim (fig. 44). In some echinoids, such as 
Cidaris, each ambulacral plate is formed of one piece only 
(as in the diagram fig. 42) — such plates are called simple 
primaries. In other cases some of the ambulacral plates 
are compound, consisting of several small plates which 
have become fused together; but the original plates are 
still indicated by the lines of suture between them and 
also by the pair of pores on each (fig. 44) ; in some 
echinoids (fig. 44 4) the plates 
which are united are all pri- 
maries — that is to say each 
extends fi*om the margin to 

the middle line of the ambula- Fig. 44. Compound Ambulacral 

cral area; but frequently some l^^^\ ^' Pseudodiadema 

' ^ •' hermspharicum, from the Co- 

of the plates taper away and rallian, formed of three fused 

1 i I. i.1. 'jji T plates. B, Cyphosoma koRnigij 

do not reach the middle line ^,^^ the Chalk, formed of six 
(or inner edge of the com- ^^^ed plates. Enlarged. 

pound plate) — such are called demi-plates {e.g. three 
middle plates in fig. 44 B). This fusion of plates is usually 
stated to be due to growth-pressure — since each plate of 
the test is enlarging and new plates are being added next 
w. p. 8 
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the apical disc ; the fact that some of the fused primary 
plates are smaller than others, and also the presence of 
demi-plates, is attributed to the reduction in size of the 
original plates by the absorption of material under pres- 
sure. Lambert, however, explains these facts — fusion and 
difference in size of plates, mainly by the more rapid 
superficial growth of the plates on which large tubercles 
are developed. The pores in the ambulacra of some 
echinoids are placed one immediately above the other, so 
that one vertical row of pore-pairs is seen — such pores are 
termed unigeniinal (fig. 42) ; in other cases the pore-pairs 
are alternately near to, and more distant from the margin 
of the ambulacral plate, and consequently two vertical 
rows are formed, and the pores are said to be bigeminal ; 
in a similar way three vertical rows of pore-pairs may be 
produced, when the pores are known as trigeminal. Some- 
times the pores in each pair are united by a groove on the 
surface of the plate, and are then termed conjugate. In 
some sea-urchins the two rows of pores in each ambulacral 
area diverge rapidly after leaving the apical disc, and then 
come together again before reaching the equator, so that 
this part of the ambulacrum is leaf-like, and the five 
ambulacra together form a rosette on the upper surface of 
the corona, the pores being but irregularly developed on 
the lower surface ; the ambulacral areas in such cases are 
termed petaloid (e.g, Scutella), but when the rows of pores 
diverge but do not come in contact at their lower ends 
they are sub-petaloid (e.g. Echinohrissus). When, as in 
Cidaris, the distance between the two rows of pores in- 
creases uniformly and slowly in passing from the apical 
disc to the equator, and the pores are equally well- 
developed on the under surface of the test, the ambulacra 
are said to be simple (fig. 42). 
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With only a few exceptions the corona in the Mesozoic 
and later echinoids is formed of twenty rows of plates, as 
described above; but in the Palaeozoic echinoids, more 
than twenty rows of plates are found (fig. 47), except in 
the earliest-known genus Bothriocidaris (Ordovician), 
which is remarkable in having only one row of inter- 
ambulacral plates in each area, and possesses two rows of 
ambulacrals. In other Palaeozoic forms the number of 
rows is variable and often great, so that the total number 
of plates in the corona becomes considerable : thus, Archceo- 
ddaris possesses tworows of ambulacrals, and from four to 
seven interambulacrals ; Oligoporus has four ambulacral 
and from four to nine interambulacral rows ; Melonechiniis, 
five to fourteen ambulacral, and from four to eleven inter- 
ambulacral rows ; whilst Lepidesthes consists of from eight 
to as many as eighteen ambulacral, and three to six inter- 
ambulacral rows. In these Palaeozoic forms each ambula- 
cral plate possesses one pair of pores. 

In most echinoids the test is rigid, but in several 
Palaeozoic genera, and also in a few later forms (viz. 
Pelanechinus, Corallian; Echinothuria, Chalk; and some 
species of the deep-sea forms Asthenosoma and Phormo- 
soma) the plates of the corona overlap to a slight extent, 
giving some flexibility to the test. 

The plates of both the ambulacral and interambulacral 
areas are often provided with rounded elevations kno\vn 
as tubercles and granules. The tubercles are of various 
sizes, the largest being the primary. In these the follow- 
ing parts may be distinguished ; at the summit there is a 
spheroidal piece, which is sometimes perforated at the 
top, and is known as the mamelon (fig. 45 -B, m). The 
mamelon rests on a short pillar termed the boss (6), the 
upper margin of which is sometimes smooth, sometimes 

8--2 
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crenulated. The base of the boss is frequently sur- 
rounded by a smooth exca- 
vated space, the areola or 
scrobicule (a). The granules 
are smaller than tubercles. 

Attached to the tubercles 
are the spines ; these are of 
diflferent sizes and shapes in 
diflferent genera and species 
and even on the same in- 
dividual, being needle-like, 
rod-like, or flask-shaped; the ^^^- 9' ^- Spine of Cidam 

' , JT ' Jtorigemma, from the Corallian 

larger spines are attached to Bocks, a, aoetabulum ; h, head ; 

the primary tubercles, the 
smaller to the secondary tu- 
bercles. They serve for pro- 
tection and also assist in 
locomotion. At the end of the spine, where it articulates 
with the mamelon, there is a rounded cavity, the axieta- 
hulum (fig. 45 Ay a)\ next comes the head (h) limited 
above by a ring or collar (c), which may be smooth or 
crenulated and serves for the attachment of the muscles 
that move the spine. Beyond the collar and forming the 
greater part of the spine is the stem or body (6), which 
may be smooth, or ornamented with ridges or rows of 
spiny processes. The microscopic structure of the spines 
(fig. 37-4) varies in different genera, and is of some 
importance in classification. Pedicellariae, which consist 
of a stalk with usually three blades, also occur, but are 
rarely found fossil. 

On the surface of some sea-urchins there are bands, 
which appear to be nearly smooth, but are covered with 
very minute tubercles ; in the living state they bear slender 



c, collar ; 6, body or stem. B. Am- 
bulacral plate of Cidaris (recent) 
with a large primary tubercle 
and secondary tubercles. In the 
primary tubercle, m, mamelon ; 
6, boss ; a, areola. Natural size. 
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modified spines. These bands are termed /asa'o^s, and their 

position varies in different 

genera ; sometimes they form 

a ring beneath the anus {e.g. 

Micraster, fig. 46, c), when 

theyare said to be sub-anal; in 

other cases they encircle the 

rosette formed by the petaloid 

ambulacra {e.g. Hemiaster) 

and are said to be peripe- 

talous ; or they extend round 

the margin of the test {e.g. 



FlQ. 46. Under surface of Miora- 
The mouth is placed in «W cor-angainum from the 



Upper Glial k, Bhowing fa-tciole. 
a, peristome 1 b, periproct; i 
fasciole. x j. 



the centre of a membrane 
known as the peristome ; this 
is sometimes {e.g. Cidaris) completely covered with rows 
of scaly plates, but more usually bears small isolated plates 
only. The peristome is usually lost in fossil specimens, 
and consequently the aperture which is found does not 
represent the mouth only, but the peristome. The shape 
of the peristome varies in different genera, it may be 
circular, oval, pentagonal, or decagonal ; at its margin there 
are frequently ten notches, by which the five pairs of gills 
or branchiee pass to the exterior. The peristome is usually 
larger in the regular than in the irregular echinoids. 

At the commencement of the alimentary canal there 
is, in some genera, a complicated calcareous apparatus 
which functions in mastication ; this is composed chiefly of 
five jaws, which are moved by means of muscles attached 
to ridges at the margin of the peristome — these ridges 
constitute what is known as the perignathic girdle. This 
may consist of ridges arising from the interambulacral 
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plates only, or there may be also processes from the sides 
of the ambulacral plates, and these often unite, forming an 
arch or auricle over each ambulacral area at the margin of 
the peristome. The first part of the alimentary canal 
passes through the centre of the masticatory apparatus. 
The circular vessel of the water-vascular system forms 
a ring round the oesophagus at the top of the masticatory 
apparatus ; this ring gives oflf five radial branches which 
pass through the auricles and up the inside of each 
ambulacral area. 

In the irregular echinoids there is a well-marked 
bilateral sjrmmetry; a plane which passes through the 
anus (which is in the posterior interambulacral area), the 
apical disc, and the mouth, divides the body into two 
similar parts. The ambulacra in these forms often differ 
considerably in size, and, to some extent in structure ; the 
anterior one may be smaller than the others and frequently 
has a different arrangement of pores, while the four other 
ambulacra are paired. The interambulacra are also un- 
like — the postierior one often forming a large part of the 
base of the test. The bilateral character is not conspicuous 
in the regular sea-urchins, but the plane of symmetry may 
be found by means of the madreporic plate, which is 
always placed at the upper end of the right anterior 
interambulacral area. 

By most writers the Echinoidea have been divided 
into two Orders, (1) the Palseechinoidea, which are almost 
exclusively Palaeozoic, (2) the Euechinoidea, which are 
nearly confined to the Neozoic: in the first, the number 
of rows of plates forming the test varies ; in each inter- 
ambulacral area there is either one^ or more than two; 

> Bothriocidaris is the only known genus of echinoid which possesses 
a single row of plates in each interambulacral area. 
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in each ambulacral two or many. In the second order, 
there are two rows of plates in each area. This classifica- 
tion can scarcely be maintained, since it draws a sharp line 
of separation between Cidaris and closely-allied Palaeozoic 
forms ; and further, Tetracidaris (a Cretaceous Euechinoid) 
possesses four rows of interambulacral plates. 

Other writers recognise two main divisions, termed 
Gnathostomata and Atelostomata, which are based on the 
presence or absence of jaws. Another classification, which 
is adopted here, divides the echinoids into regular and 
irregular forms ; all the regular forms possess jaws ; the 
irregular forms may be divided into two groups according 
to the presence or absence of jaws. 

ORDER I. REGULARES. 

The mouth is at the centre of the base, and the anus 
within the apical disc. The ambulacra are simple. Jaws 
are present in all. The test is circular in outline. 

Palaeechinus (fig. 43 2>). Test spheroidal, rigid. Apical 
disc with five large genital plates, each with three perforations, — 
but in some cases one of the genitals may have a single perforation. 
Ocular plates five, small, each with two perforations. Ambulacra 
narrow, straight, with two rows of plates, and smaller plates 
at the margins; two vertical rows of pairs of pores on each side 
of the area. Interambulacra wide, with five to seven rows of 
plates at the equator, fewer towards the poles; plates hexagonal, 
except those next the ambulacral area, which are pentagonal ; surface 
of plates covered with granules. Spines small. Upper Silurian to 
Carboniferous Limestone. Ex. P. intermedituty Carboniferous. 

Melonechinus ( = Melomte8) (fig. 47). Test large, elliptical, 
with furrows from apex to peristome. Apical disc with five genital 
plates, each having from two to five pores. Ambulacra broad, 
concave on each side of a median ridge, with five to fourteen columns 
of plates, each plate with a pair of pores ; four plates at the ventral 
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edge of each area. Interambulacra consisting of four to eleven 
columns of small thick plates, which are pentagonal next the ambu- 
lacra, hexagonal elsewhere; tubercles very small. Jaws large. 
Carboniferous. Ex. M. mvltvporus. 




Fio. 47. Melonechinus multiporuSf Carboniferous. Part of an ambulacral 
area (a) and an interambnlacral area (6) from the equator of the 
test. Based on figures given by Jackson, x 2. 

Archaeocidaris. Test large, plates overlapping. Ambulacra 
narrow, formed of two rows of plates; pores unigeminal. Inter- 
ambulacra consist of from four to seven rows of large plates, the 
middle ones being hexagonal ; each plate has a large primary perforated 
tubercle which bears a long spine. Carboniferous Limestone. Ex. 
A, urii. 

Cidaris. Test spheroidal, the summit and base equally flat- 
tened. Apical disc very large, rarely preserved fossil, ocular plates 
large. Ambulacra narrow, undulating, pores unigeminal ; between 
the rows of pores are vertical rows of small tubercles and granules. 
Interambulacra wide, plates large, each with a primary tubercle 
which is perforated, and may be crenulated or smooth ; areola large, 
surrounded by secondary tubercles, beyond which are granules. 
Peristome rounded. Spines large, of various forms, generally orna- 
mented with rows of granules. Trias to present day. Ex. (7. flori- 
gemrrut^ Corallian and Kimeridgian. 

Peltastes (fig. 43 A). Test circular in outline, depressed. 
Apical disc very large, prominent, containing one extra plate, the 
sur-anal (or dorso-central), placed in front of the periproct; the 
madreporic plate has an oblique fissure. Ambulacra narrow, 
straight or slightly flexuous, with small tubercles ; pores unigeminal 
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except near the mouth. Interambulacra wide, with large primary 
tubercles, which are imperforate, but may be crenulate. Peristome 
shghtly notched. Upper Jurassic to Gault. Ex. P. wrighti^ Lower 
Cretaceous. 

Salenia. Similar to Peltastes, but the periproct is placed to 
the right of a median line drawn from the anterior to the posterior 
margin. Cretaceous to present day. Ex. S. petalifera^ Upper 
Greensand. 

Acrosalenia. Form similar to Peltastes. Apical disc rather 
large ; genital plates large, the posterior smaller than the others and 
differing in shape. One or more sm^-anal plates in front of the 
periproct, which is in the antero-posterior Jine. Pores unigeminal 
except near the peristome. Interambulacra with large perforate 
tubercles. Spines smooth or striated. Lias to Cretaceous. Ex. 
A. spinosay Inferior Oolite to Corallian. 

Hemicidaris. Test spheroidal, inferior surface flattened. 
Apical disc small. Ambulacra narrow, slightly flexuous, with two 
rows of tubercles below the equator, which pass into granules on the 
upper surface. Pores unigeminal, but bigeminal near the peristome. 
Interambulacra broad; plates large and few, each with a large 
perforated and crenulated tubercle, and also smaller tubercles and 
granules. Spines cylindrical, long. Peristome large, decagonal. 
Inferior Oolite to Cretaceous. Ex. H, intermedia, Corallian. 

Pseudodiadema (fig. 44 A). Test circular or slightly poly- 
gonal, depressed. Apical disc and periproct large. Ambulacra 
straight, narrower than the interambulacra, with two rows of crenu- 
late and perforate tubercles ; plates compound, each consisting of 
three fused primaries, the middle being largest, usually with three 
pairs of pores on each plate, unigeminal. Interambulacra with two 
or more rows of primary crenulate and perforate tubercles. Peri- 
stome large, decagonal. Lias to Tertiary. Ex. P. omatum, Lower 
Chalk. 

Hemipedina. Test circular or slightly polygonal, depressed. 
Apical disc rather large. Ambulacra narrow, plates formed of three 
fused primaries (but simple near the apical disc), pores unigeminal ; 
two rows of tubercles, perforate, not crenulate. Interambulacra 
with two (sometimes more) vertical rows of primary, perforate, not 
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crenulate tubercles. Spines of moderate length, finely grooved. 
Peristome with slight incisions. Lias to present day. Ex. H. ethe- 
ridgei. Lias. 

Diplopodia. Form and tubercles similar to Psetulodiadema, 
Pores bigeminal near the apex and peristome, unigeminal at the 
equator. Plates at the equator composed of four primary plates or 
sometimes the lowest plate is a demi-plate. Jurassic and Cretaceous. 
Ex. D. versvpora, Corallian. 

Stomechinus. Test hemispherical. Genital plates rela- 
tively large, projecting outwards ; oculars small. Ambulacra wide, 
plates formed of three primaries — the middle one largest; pores 
trigeminal. On each ambulacral and interambulacral area are two 
vertical rows of primary, imperforate, non-crenulate tubercles, of 
about the same size on each area; also secondary tubercles and 
granules, usually numerous. Peristome large, with ten deep in- 
cisions. Inferior Oolite to Lower Cretaceous. Ex. *S'. higranvlaris^ 
Inferior Oolite. 

Phymosoma {^Cyphmoma) (fig. 44 B). Form similar to 
Psendodiadema. Ambulacral plates compound, each may consist of 
four, five, or six united plates with the same number of pairs of pores ; 
two rows of primary tubercles. Interambulacra with two or more 
rows of primary imperforate tubercles. JiU'assic to Eocene ; common 
in the Chalk. Ex. C. koenigiy Upper Chalk. 

ESchinUB. Test more or less hemispherical. Apical disc as 
in fig. 42 B, Ambulacra rather narrow, trigeminal, plates consisting 
of a lower primary, a middle demi-plate, and an upper primary or 
demi-plate. Two vertical rows of small, primary tubercles on 
each area, and often numerous secondary tubercles. Peristome 
rather small, circular, with small incisions. Cretaceous to present 
day. Ex. E. woodwardi, Pliocene; B. esctdentits, Pliocene and 
living. 

ORDER II. IRREGULARES. 

The anus is plax5ed outside the apical disc, in the 
posterior interambulacral area. The mouth is either 
central or in jfront of the centre. The test is bilaterally 
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symmetrical. Ambulacra simple or petaloid. Jaws may 
be present or absent. 

SUB-ORDER 1. GNATHOSTOMATA. 

Mouth central. Jaws and perignathic girdle present. 

Galerites { = Echinoconu8) (fig. 43 E). Test conical, or almost 
hemispherical, inferior surface flat, outline pentagonal or oval. 
Apical disc small. Ambulacra narrow, straight, simple; pores 
unigeminal, but trigeminal near the mouth. Interambulacra with 
broad plates, tubercles very small, perforated and crenulated. Peri- 
stome small, central, decagonal. Periproct marginal or sub-marginal. 
Upper Greensand to Upper Chalk. Ex. O. conic v^. Upper Chalk. 

Holectypus. Test hemispherical, depressed, base excavated. 
Apical disc small. Ambulacra narrow, straight, simple ; pores uni- 
geminal, tubercles small. Interambulacra formed of rather large 
plates, with small tubercles. Peristome central, decagonal. Peri- 
proct large, placed between the peristome and the posterior margin 
of the test. Upper Lias to Corallian ; also foreign Cretaceous. 
Ex. H. hemisphericus^ Inferior Oolite. 

Discoidea. Form similar to Holectypus. On the base of the 
interior are ten vertical plates extending from the margin of the test 
towards the mouth, and placed on each side of the ambulacral areas. 
Cretaceous. Ex. D. cylindrical Chalk. 

Pygaster. Test large, depressed, outline pentagonal or circu- 
lar, base concave. Apical disc small, madreporic plate large. 
Ambulacra straight, simple ; pores unigeminal ; tubercles in vertical 
rows. Interambulacra wide, tubercles perforate. Peristome central, 
large, decagonal. Periproct very large, placed just behind the apical 
disc. Inferior Oolite to Cretaceous. Ex. P. umhrdlay Corallian. 

SUBORDER 2. ATELOSTOMATA. 

No jaws or perignathic girdle. The bilateral symmetry 
of the test is particulariy well-marked. 

Hybocl3rpeus. Test oval, depressed, anterior part usually 
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more elevated. Apical disc elongated — the two anterior genitals 
separated from the two posterior by two oculars. Ambulacra simple, 
pores unigeminal. Interambulacra wide. Tubercles very small. 
Periproct next the apical disc, in a long groove on the dorsal surface. 
Peristome a little in front of the centre. Inferior Oolite to Coral- 
lian. Ex. H. gibberylus^ Inferior Oolite. 

Nucleolites (=Echinobr{sims). Test depressed ; outline oval 
or quadrilateral, rounded anteriorly, truncated and broadest poste- 
riorly ; inferior surface concave. Apical disc compact, four perforate 
genital plates, and one imperforate. Ambulacra sub-petaloid, pores 
unigeminal, the outer pore elongated in the sub-petaloid part. 
Interambulacral plates wide, tubercles small. Peristome oval or 
pentagonal, excentric, a little anterior. Periproct placed in a sulcus 
on the dorsal siu-face. Inferior Oolite to present day. Ex. N. 8cu- 
tattcsy Corallian. 

Cl3rpeus. Test large, flattened, more or less discoidal, with 
circular or pentagonal outline, and flat or concave base. Apical disc 
small. Ambulacra large, petaloid, pores unigeminal (except near the 
peristome), outer pore elongated. Peristome nearly central, with the 
ambulacra depressed near it. Periproct on the dorsal surface, often 
in a sulcus. Tubercles very small. Inferior Oolite to Corallian. 
Ex. C. ploti, Inferior Oolite. 

CatopygUS. Test small, oval, elevated, truncated behind, 
with flat base. Apical disc small. Ambulacra sub-petaloid, uni- 
geminal, outer pore elongated in the sub-petaloid parts. Tubercles 
very small. Periproct high up on the posterior end. Peristome a 
little excentric, small, with ambulacra depressed around it. Creta- 
ceous to present day. Ex. C. columharius^ Upper Greensand. 

CoUyrites (fig. 43 C). Test ovoid, inflated. Apical disc 
greatly elongated ;• at the anterior end are four perforated genital 
plates separated by two oculars, at the posterior end are two oculars ; 
these two groups of plates are connected by numerous small plates. 
Ambulacra simple, pores unigeminal. The three anterior ambulacra 
meet at the anterior end of the apical disc, the other two meet at 
the posterior end. Interambulacra broad, tubercles small. Peri- 
stome excentric. Periproct above the posterior margin. Upper Lias 
to Cretaceous. Ex. G. btcordata, Corallian. 
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EchlnocoryB {•* Ananchytee) (fig. 43 2). Teat very convex 
above, inferior Hurfa.ue flattened, outline oval. Apical disc a little 
elongated; the four geiiit&l plates perforated, the two anterior sepa- 
rated from the two posterior b; two ocular plates. Ambulacra 
simple, pores unigeminal. Interambukcral plates lai^, tubercles 
smalL Peristome anterior, Periproct oval, infra-marginal. Upper 
Chalk. Ex. E. indgaru. 



Fig. 18. Holaiter tubglobottu. Chalk. Upper and lower siufaces. x }. 

Holaster (fig- 48). Test heart-shaped, inferior surface more 
or less flattened, superior surface with a broad shallow groove 
in front. Apical disc elongate, the two pairs of genital plates 
separated by "two oculars. Ambulacra large, simple, pores uni- 
geminal, round or elongate; the anterior ambulacrum in the groove. 
Interambulacra with small tubercles and granules. Peristome near 
the anterior mat^n, elliptical. Periproct supra-marginaL Upper 
Greensand and Chalk ; also Tertiary in Australia. Ei. ff. etib- 
globosut, Lower Chalk. 

Cardiaster. Form similar to Holaster, but anterior groove 
usually with sharp borders. Apical disc similar to KiAaater. Pores 
elongate. Small perforate and crenulate tubercles. Peristome near 
the anterior margin, with a projecting lip. Periproct on the pos- 
terior truncated end. Fasciole passes beneath the periproct and 
round the margin of the teat. Cretaceous. Ex. C. anwachytU, 
Chalk. 
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MIcrarter(figB.46,49). Teat heart-shaped or oval. Apicaldisc 
Bmall, exceDtric. Ambulacra sub- 
petaloid, placed in aimken areas, the 
sub-petflloid parte of the two an. 
terior-laterol longer than those of tbe 
two posterior-lateral ; pores unigemi- 
nal Tbe anterior unpairc-d ambu- 
lacrum in a deep groove, with its 
porea circular. Interambulacra with 
large plates ; tubercles small, per- 
forate and crenulate, A fascicle 
placed below the aims. Peristome 
eicentric, near the anterior border, 
with a projecting hp. Periproct 

above tbe mai^n. Middle and Upper ^'°- *^- 'Jff™'*"- ""-S"'"- 
Chalk ; also Tertiary in Australia. "P'^'' ^''**- " *' 

Ex. Jf. c</r-anguinum. Upper Chalk. 

Hemiaster. Form similar to Mieraater. A peripetalous 
feaciole only. Cretaceous to present day. Ex. H. bailyt, Gault. 

Schizaater. Test heart-shaped, highest behind, with sxcentric 
apen. Anteriorambulacnim long, placed inagroove; other ambulacra 
petaloid and in deep grooves — the posterior pair much shorter than 
the antero-lateral pair. Peristome near the anterior margin with 
projecting lip. Periproct on the posterior truncated end of the 
test. A peripetalous faaciole, and usually also a lateral faaciole 
diverging from the former and passing beneath the periproct. 
Eocene to present day. Ei. S. d'urbani, Bracklesham Beda. 

Distribution of the Echinoidea, 

Some Echinoids live at great depths in the ocean, no 
leas than a dozen species having been found below the 
2000 fathom line, and one even at 2900 fathoms ; but by 
far the larger number occur near the coasts in shallow 
water: thus, of the 297 existing species recorded by 
Agassiz, 201 are found in water of less than 150 fathoms 
in depth. Echinoids are most abundant where the sea- 
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bottom is rocky, sandy, or calcareous, and less common 
where it is muddy ; consequently fossil forms are rare in 
clayey strata. Those found in deep water have a much 
wider range in space than those found in shallow water. 
Many genera, especially those with a considerable range 
in depth, have also a long range in time, some extending 
back to the Cretaceous or even earlier periods. Amongst 
the forms found in the Cretaceous which are still existing 
in deep water may be mentioned Saleniay Gottaldia, 
Heraiaster, and Pygaster, 

All the Palaeozoic echinoids, with the possible excep- 
tion of EchinocystiSy in which the apical disc is pooriy 
developed, belong to the regular group ; they are remark- 
able for possessing more than twenty rows of plates in the 
corona (except in BothriocidaHs), and frequently the plates 
overlap, rendering the test flexible. Echinoids are rare in 
Palaeozoic formations, especially in those of pre-Carboni- 
ferous age. The earliest form is Botkriocidaris, found in 
the Ordovician rocks of Esthonia in Russia. In the 
Silurian we get PalceechintiSyEchinocystis, and Palceodiscus ; 
in the Devonian, Lepidocentrus ; in the Carboniferous, 
PalceechinuSy Melonechinus {= Melonites), Perischodomus, 
and Archceocidaris. Forms related to Gidaris are common 
in the Trias of St Cassian. 

In the Jurassic rocks the echinoids are much more 
numerous, relatively to the other groups of animals, than in 
the earlier formations ; they are comparatively rare in the 
Lias and the other clayey divisions, but very abundant in 
the calcareous beds, especially in the Inferior Oolite and 
the Corallian. In the Lias the chief forms are Gidaris, 
HemipedinQy Pseiidodiadetna, and Acrosalenia; irregular 
echinoids (viz. HolectypuSy GollyriteSy and Galeropygus) 
make their first appearance in the Upper Lias. The genera 
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which are best represented in the Middle and Upper 
Jurassic are, of the regular group, Cidaris, Hemiddaris, 
Acrosalenia, Pseudodiadema, Diplopodia, Hemipedinay and 
Stomechinus \ of the irregular group, Gollyrites, GlypeuSy 
Py gurus, Hyhoclypeus, Nucleolites (= Echinobrissus), Ho- 
lectypus, and Pygaster, 

In the Cretaceous the echinoids are even more abundant 
than in the Jurassic, and attain their greatest development 
in the upper division of the system ; many of the genera 
found in the Lower Cretaceous occur also in the Upper 
Jurassic, but the irregular forms are more numerous than 
hitherto. The most important genera are, (1) regular, Gi- 
daris, Psevdodiade7na,Phymosoma(= Gyphosoma),Pelta8tes, 
Saleiiia, (2) irregular, Discoidea, GaleHtes (= Echinocomis), 
Hemidster, Micraster, Gardiaster, Holaster, Echinocorys 
(= Ananchytes), 

Between the Cretaceous and the Eocene there is, in 
Britain, an enormous break in the succession of the echi- 
noids, not a single species being common to the two systems, 
and the genera also are mostly different. This change 
is due in part to the great diflference in the conditions 
under which the deposits were formed, the Chalk being 
a compsiratively deep-water formation, and the Eocene, 
beds, shallow water; but the Eocene forms diflfer much 
more from those of the Upper Chalk than from those of 
the Chalk Marl, the latter deposit having been formed in 
water of less depth. Throughout the English Tertiaries 
the echinoids are much rarer than in the Cretaceous ; thus 
in the Cretaceous there are thirty genera, in the Eocene 
seven, in the Pliocene eleven. In the Eocene this can be 
accounted for largely by the fact that the sea-bottom was 
for the most part muddy; in the Pliocene by the lower 
temperature of the ocean. The London Clay echinoids 
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belong to tropical or sub-tropical genera. The commonest 
forms in the Eocene of England are Hemiaster and Schi- 
zaster. In the Eocene of the South of Europe, India, etc., 
echinoids are numerous; the regular forms are less im- 
portant than in earlier formations, but the Atelostomata, 
in this and subsequent deposits, become increasingly- 
abundant. 

The Pliocene echinoids found in East Anglia present a 
considerable affinity to those now living in the West Indian 
seas, probably indicating the existence, at that period, of 
shallow water between Europe and America in which 
migration could take place. The most important genera 
in the Pliocene are Echinus, Echinocyamus, Spatangus, 
and Temnechinus, 

CLASS IV. HOLOTHUROIDEA. 

This Class includes the sea-cucumbers. They possess 
an elongated and usually cylindrical body with the mouth 
at one end and the anus at the other ; around the mouth 
is a circle of tentacles, which are really modified tube-feet. 
From the water- vascular ring five radial vessels are given 
oflF, and branches also go to the tentacles. In Synapta and 
its allies tube-feet (with the exception of the tentacles), as 
well as radial vessels, are absent. The stone-canal in almost 
all cases opens into the body- 
cavity. The integument is 
leathery, and the skeleton is 
very poorly developed, con- 
sisting of minute isolated _ ^. , ^ . v. ^ i * 4. 

° . Fig. 60. A, B, Anchor and plate of 

pieces of various shapes, such Synapta tenerayB.ecent. C, wheel 

as spicules, anchors, and jLfx^T^oSte'^ETjgr *'' 
wheels (fig. 50). 

At the present day the Holothurians are widely dis- 

w. p. ' 9 
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tributed, but owing to the nature of their hard parts they 
are rarely found fossil. The earliest known forms occur in 
the Carboniferous rocks of Scotland, and a few specimens 
have been recorded from Jurassic and later formations. 



II. PELMATOZOA. 

CLASS I. CRINOIDEA. 

The Crinoidea or sea-lilies and feather-stars diflfer from 
the preceding groups of Echinoderms in having the oral 
surface directed upwards and the dorsal surface down- 
wards; in most forms the animal is fixed by means of 
a stem given off from the dorsal surface, but in some cases 
the young form only is fixed', the adult being free. The 
skeleton consists of a stem,-s. calyx, and movable arms 
given oflf from the margin of the calyx (fig. 51). 

The calyx is more or less globular, or cup- or basin- 
shaped, and contains the digestive and other important 
organs ; the mouth is either at or near the centre of the 
ventral or oral surface, and the anus, which is excentric 
and inter-radial, is also on the oral surface, and is usually 
situated at the end of a tubular process. There is a groove 
on the ventral surface of each arm, and these grooves — 
the food or ambulacral grooves, are continued over the 
oral surface to the mouth ; they are lined with cilia, by 
the movements of which food is conveyed to the mouth. 
The arms are often numerous, owing to repeated branching. 
Immediately under the groove of each arm there is a 
radial nerve-cord ; these cords unite to form larger trunks 
and ultimately join as a ring round the mouth. Beneath 

^ There is no eyidence to shew that Marsu^ites possessed a stem 
even in the young state. 
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the nerve of each arm there is a radial vessel of the water- 
vascular system, which is continued over the oral surface 
and joins a ring round the mouth; from this ring tubes 
hang down and open into the body-cavity, which communi- 
cates with the water of the exterior by means of pores. 
In connection with the radial vessels are tubular processes, 
the tentacles, which form a row on each side of the food- 
grooves, and correspond with the tube-feet of the star-fish, 
but do not function in locomotion. In addition to the 
nervous system already mentioned, there is another placed 
dorsally in the lower part of the calyx, between the basal 
plates, or in the centro-dorsal plate (i.e. one of the stem- 
plates which in some forms has become incorporated into 
the calyx) ; from this centre cords are given oflf, which pass 
through canals in the plates of the calyx to the arms and 
pinnules, and also into the stem when present. The 
various plates of the skeleton are held together by fibres 
of connective tissue. 

The stem (figs. 51, 53, a) in the crinoids is more or less 
flexible, and is sometimes several feet in length. It con- 
sists of a number of segments which may be in the form 
of circular or pentagonal (occasionally square or ellip- 
tical) plates ; or they may be higher than broad, forming 
cylinders ; these plates or ossicles articulate by their flat 
surfaces, which are often provided with radiating striae or 
with ridges in the form of a rosette. Each plate is pierced 
at the centre by a canal which is circular or pentagonal 
and contains a prolongation of the dorsal nervous system 
and vascular organ. Prom the stem small branches known 
as cirri are sometimes given ofl*; these have a structure 
similar to that of the stem, and are also pierced by a 
central canal. The plates in the stem are generally of 
diflerent heights — larger plates being separated by smaller; 

9—2 



a. 61. Botryocrinui decadactylos, from Ute Wenlook Limaatone— a 
simple form of Crinoid, seen from the postarior inter-rod ins. (From 
the Guide lo tht Geol. Dept., Brit. Mat.) Natural size. 
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the former are first developed, the latter being subse- 
quently introduced between them. Cirri are borne oil 
some of the larger plates. The lower end of the stem may 
taper, but often expands and branches, forming a root- 
like structure which serves to fix the animal. Sometimes 
the plates near the top of the stem are very much larger 
than the others (fig. 54). 

The part of the calyx below the origin of the jfree arms 
is called the dorsal cup; the part above them is the 
tegmen. The dorsal cup consists at its base of a cycle of 
five plates, known as basals (fig. 52, b ; 53, c) ; but, owing 
to fusion, the number of basals is sometimes reduced to 
four, three, or rarely two. In some forms there is below 
the basals and alternating with them another row of 
plates (five or three), termed infra-basals (fig. 53, t), and 
the base is then said to be dicyclic ; when basals only are 
present, it is monocyclic. Above the basals, and alter- 
nating with them, is a cycle of five radial plates (fig. 
52, r 1 ; fig. 53, d). In some genera there are, between the 
two posterior radials, in a line with the anus above, other 
plates, the inter-radials (fig. 52, a ; fig. 53, e). 

The arms come oflf directly fi*om the radials, and are 
formed either of a single or of a double row of plates, the 
brachials ; when double, the plates alternate with one 
another. There is a groove on the ventral or inner surface 
of the brachials, in which the soft parts, above described, 
are placed ; and there is usually also a perforation below 
the groove, in which the dorsal nerve-cord is situated. The 
groove in the arms is covered over by a series of plates — 
the ambulacral plates, which can be opened and closed, and 
serve for the protection of the soft parts. Where an 
arm branches, the brachial which supports two branches 
(figs. 51,53) has sloping sides, and is known as an axillare. 
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Small unbranched appendages called pinnules occur on the 
arms of many crinoids ; they are similar in structure to the 
arms, and are given oflf alternately on opposite sides ; in 
living crinoids they bear the genital organs. In some forms, 
the earlier rows of brachial plates become firmly united 
to one another and to the radials (figs. 52, 54, r 2, r 3, 6r) ; 
these ^ed brachials have often been regarded as radials, 
but morphologically they are only brachials which have 
become incorporated into the calyx. The fixed brachials 
may be in contact at the sides, or, as in most Palaeozoic 
crinoids, they may be separated by other plates which are 
termed inter-hrachials (fig. 52, ir). In the posterior inter- 
radial area (that which leads up to the anus) the inter- 
brachial plates are often more numerous than in the other 
areas. When a stem is absent there is often a central 
plate at the base of the calyx {e,g, Marsupites), 

The tegmen or oral surface of the calyx is more or less 
completely covered by calcareous plates. Sometimes five 
large triangular plates (orals) only occur, between which 
are the ambulacral grooves; but usually other smaller 
plates are also present — the ambulacral grooves are usually 
covered by ambulacral plates, and between them occur 
numerous interambulacral plates. In many Palaeozoic 
crinoids (e,g. Actinocrinus) the tegmen consists of a com- 
plete vault or dome of stout plates concealing the mouth 
as well as the ambulacral grooves and ambulacral plates. 



A. Monocyclic Crinoids. 

PlatycrinUB. Basals three, unsymmetrical. Eadials five, 
large, tall. Some fixed brachials. One inter-brachial in each area — 
more in the posterior (anal) area. No inter-radial. Arms bifur- 
cating once to thrice, formed of one row of plates at the lower end 
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but of two above ; pinnules long. Tegmeu with small plates ; anus 
Bub-central, usually at the end of a latge process. Stem long, round 
or elliptical Devonian, but mainly Carboniferous. Es. P. ItevU, 
Carboniferous Limestone. 

EiUCaljrptOCrinUS { = HypantkocTimit). Calyx deeply con- 
cave at the base; at the bottom of the cavity four basals, at the 
aides five radials ; several cycles of fixed brachials, and some inter- 
brachials. Tegmen elevated, and forming a ceotral anal tube 
composed of iivo rows of large plates. Ten vertical partitions are 
attached to the outside of the tegmen, forming compartments in 
which the ten arms rest. Arms formed of two rows of brachials 
except at the base. Silurian and Devonian. Ei, E. decorus, 
Wenlock Limestene. 

Actlnocrinus (fig, 62). Calyi pear-shaped, ovoid, or more or 
less spherical. Basals three, equal, forming a hesagon. liadials 



Fio. 52. Diagram of the pUtee of dofinocrinus iTlaeontadactylm, Carboni- 
ferous Limestone, b, basal plates; rl, radialB; r2, rZ, fiied 
brachials ; br, brachial plates ; ir, inter- brachials ; a, inter-radiaL 

five, high. The first two rows of brachials firmly united. Inter- 
brachiala numerous ; and also one (posterior) inter-radial, above 
which the inter-bracbials are more numerous than in the other 
areas. T^men formed of thick, tubercled, hexagonal plates, pro- 
duced inte a tube with the anus at the end. Arms ten to thirty, 
with two rows of plates. Stem circular, canal pentagonal Carbo- 
niferous. Ex. A. triacontadactylvs. Carboniferous Limestone. 
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AmphoracrinUB. "Rehied to Aetinocriniu. Calyx depressed, 
saucer-like or nearly flat. Tegmeu 
much elevated. Three basals, aod 
a posterior inter-radial. Inter- 
brachiala few. Anal tube short, 
eicentric. Carboniferoua. Ei. A. 
amphora. 

Cyatbocrinus (fig. 53). 

Calys cup-like. Infra-hasala five, 
small, equal, pentagoDal, Basals 
five, lai^, hexagonal (except the 
posterior, which is heptagonal and 

supports the square inter-radial , 

plate). Radials five, shield-shaped. 
Arms five, very long, bifurcating 

from five to seven times, without Fia. 53. Cyathocrinm loagimanui, 
pi.nu.». 0,1 pl.l.. «™, krg.. fS.'t toa;.^'j£; t 
Anal tube formed of more or less baaalB; d, radialg; e, anal inter- 
hei^onal plates. Stem round, radial; /, first brachial. Be- 
without cirri. Silurian to Car- ^"**'*- 
boDiferous. Ex. C. longimanus, C. acinotvbui, Silurian. 



B. Dicyclic CriTwids. 

Crotalocrtnus. Infra-basals five, pentagonal. Basak very 
large, all hexagonal except the posterior one, on which the small 
inter-radial plat« rests. Badials very large. Some fixed brachials. 
Arms five, with a single row of plates ; diohotomoua, the branches 
uniting so as to form lamellar expansions or networks, which are 
inroUed; pinnules -absent. T^men nearly flat, formed of small 
fixed plates with five large plates at the centre. Anal tube near the 
posterior mai^n. Stem thick, circular; canal pentagonal; roots 
thick. Wenlock Limestone. Ex. C rugosus. 

Botryocrinus (fig. 51). Calyx small, shallow. lofra-basab 
five; basala five, hex^onal (except the two posterior, which are 
pentagonal) ; radials large, with excavated articular surface ; anal 
inter-radial small, rhomboidaL Arms divide, giving ten main 
branches bearing smaller branches or pinnules. Anal tube lai^, 
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often coiled. Stem formed of thin plates. Silurian and Devonian. 
Ex. B, decadactylvs, Wenlock Limestone. 

Poteriocrinus. Calyx with thin plate^. Basals high. Anal 
inter-radial present. Kadials with well- marked concave articular 
surfaces which do not occupy the entire width of the plates. Anal 
tube long. Arms long, branching, with pinnules. Devonian and 
Carboniferous. Ex. P. granulosus^ Carboniferous. 

Woodocrinus. Allied to Poteriocrinus but calyx, arms, and 
anal tube shorter. Carboniferous. Ex. W, macrodobctylus, 

ElncrinUB. Calyx saucer-shaped. Infra-basals five, very small, 
generally concealed by the stem. Basals five, pentagonal. Radials 
five, large, pentagonal ; above the radials are the brachials, the first 
two rows of which are united. No inter-brachials. Arms bifurca- 
ting, formed of one row of brachials at first, afterwards of two; 
with pinnules. Tegmen elevated. Stem long, with small canal. 
Trias. Ex. E. Uliiformis, Muachelkalk. 

Pentacrinus. Calyx small, bowl-shaped, consisting of five 
small infra-basals, five basals, and five radials which project like 
spines over the stem. Arms very long, much branched, formed of a 
single row of brachials ; the small branches all come off on the same 
side of each main branch. The arms bear pinnules. Stem long, 
pentagonal, with cirri coming off in whorls ; the articular surfaces 
of the stem-plates with five raised, crenulate, petaloid parts which 
are narrow and quite distinct from one another. Jurassic. Ex. P. 
fossilis^ Lias. 

Marsupites. Calyx large, globular, plates large and thin. 
Stem absent. Base formed of a large central pentagonal plate. 
Infra-basals five, pentagonal. Basals five, hexagonal. Kadials five, 
pentagonal, with crescentic depressions for the articulation of the 
arms. Arms relatively short, bifurcating, formed of a single row of 
plates. Upper Chalk. Ex. M. testudinarius, 

Ichthyocrinus. Three very small infra-basals; five small 
basals ; five radials ; two or three cycles of fixed brachials. No 
inter-radials and inter-brachials. Arms in contact all round, inter- 
locking, formed of a single row of brachials ; no pinnules. Silurian 
to Carboniferous. Ex. /. piHformis, Silurian. 
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SagenocrinUB. Infra-basals small. Anal inter-radial sunk 
between basals ; radials large. Numerous cycles of fixed brachials, 
separated by very numerous inter-brachials. Arms dividing, formed 
of one row of brachials ; no pinnules. Silurian. Ex. S. expansus, 

Apiocrinus (fig. 54). Calyx large. Basals five, thick. Radials 
low, excavated on their upper 
surfaces. Four cycles of fixed 
brachials. Arms ten, bifurcating 
once or twice, formed of a single 
row of plates. Stem long, cylin- 
drical, base expanded; the arti- 
cular surfaces of the plates radi- 
ately striated. The plates of the 
upper part of the stem are in 
contact at the periphery only. 
The upper part of the stem ex- 
pands and passes gradually into 
the calyx; the upper surface of 

the last plate is provided with ^m, 54. Apiocrinus parkimoni, 

five radiating ridges between from the Bradford Clay, s, top 

which the basals lie. Lias to PjaJ^ of the stem; 6, basal 
T ^ . T^ ^ plates; r 1, radial plates; r 2. 

Lower Cretaxseous. Ex. A. par- ^ 3^ ^nd 6r, brachial plates. 

Idnaoni, Bradford Clay. xf. 

Millericrinus. Allied to Apiocrinus. Top plate of stem 
widened, but not the others as a rule. Articular facets of radials 
and brachials well developed. Lias (? also Trias) to Lower Creta- 
ceous. Ex. if. pratti, Inferior and Great Oolites. 

BourgueticrinUB. Calyx small, with vertical or inwardly- 
sloping sides ; formed of five basals about half the height of radials, 
and two rows of fixed brachials; no inter-brachials. Arms mi- 
known. Stem long, ossicles long, the top-ossicle very large, as wide 
as calyx ; upper stem-ossicles with circular, others with elliptical 
articular faces and a transverse ridge across the longer diameter. 
Cretaceous. Ex. B. ellipticus^ Chalk. 
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Distribution of the Crinoidea, 

In comparison with its abundance in former times the 
class Crinoidea is but poorly represented at the present 
day. The most important families are the Antedonidse 
and the Actinometridse ; these are widely distributed, and 
occur chiefly in shallow water, but some are found at con- 
siderable depths — Antedon extending from the shore-line 
down to 2900 fathoms, and Actinometra down to 800 
fathoms. The stalked crinoids (e.g, Isocrinus, RliizocHnus) 
are much less abundant than the Antedonidae and Actino- 
metridae, and are found mainly at great depths. In most 
cases the species of crinoids have only a limited distribu- 
tion in space. 

In the Palaeozoic formations the crinoids are much more 
numerous than the other Echinoderms, their remains 
(chiefly stems) forming the main part of some limestone 
beds (crinoidal limestone or marble), as for instance in the 
Carboniferous. None of the other Echinoderms are ever 
sufficiently abundant to be of importance as rock-builders. 
The majority of fossil crinoids appear to have lived in fairly 
shallow water, since they are found in association with 
reef-building corals and other shallow-water organisms. 

Crinoids occur first in the Tremadoc Beds. In the Ordo- 
vician, Glyptocrinus, Dendrocrinus, and a few others have 
been found. In the Silurian, crinoids become very much 
more abundant, and attain their maximum development ; 
the most important genera are Botryocrinus, CalceocrinuSy 
Crotalocrinus, Eucalyptocrinus, Herpetocrinus, Ichthyo- 
crinus, Marsipocrinus, Mastigocrinus, Pisocrinus, Sageno- 
crinuSy Taxocrinus, In the Devonian, Cyathocrinus, Gu- 
pressocrinuSy Haplocrinus, Hexacrinus and others are 
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common ; in the Carboniferous, Actinocrinus^ Amphora- 
crinusy Poteriocrmus,PlatycrinuSy Rhodocrmus jSjid Woodo- 
crinus. Crinoids are rare in the Permian. Throughout the 
Mesozoic formations they are much less abundant than 
in the Palaeozoic; in the Trias the characteristic form is 
Encrinus, In the Jurassic, AntedoUy PentacHnus, Tso- 
crinuSy Saccocomay Apiocrinus. and Millericrinus are found, 
the first two living on to the present day. In the Cre- 
taceous the chief forms are MarsupiteSy UintacrinuSy and 
Bourgueticrinus. In the Cainozoic, crinoids are very rare. 

CLASS II. CYSTIDEA, 

The stem in the Cystideans is short, and in some cases 
absent. The calyx is usually more or less spherical or 
ovoid, and varies considerably in structure in diflerent 
tjrpes ; fi-equently the plates are very numerous, without 
radial sjrmmetry, and perforated by numerous canals; 
food-grooves usually extend from the mouth over the 
surface of the calyx, and bear simple arm-like structures, 
called brachioles (fig. 56). 

In Glyptosphcera (fig. 55 A), fi-om the Ordovician, the 
calyx is spherical, and composed of a very large number of 
polygonal plates, which are without any radial arrange- 
ment such as occurs in the Crinoids and Blastoids. The 
mouth is at the summit of the calyx, and is covered by five 
oral plates (a), between which the five food-grooves start 
and extend in a radial manner over the upper part of the 
calyx, sometimes giving off branches (6) ; at the ends of 
these grooves are tubercles (c) to which small arm-like 
structures or brachioles were articulated. The grooves 
were protected by small covering-plates. On one side of 
the calyx is the anus (d)y which in perfect specimens is 
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covered by a pyramid of small triangular pliites. Between 
the mouth and the anus is the madreporite (e), which is 




Fia. 65. A, Glyplotphara, Uuchtenbergi, from the Ordovician of Ruaaia. 
a, month covered by oral plates ; b, food^grooTee ; c, socket for the 
brachiola; 4, anas; e, JQst above this ie the triangular madreporite, 
jnat below is the circular genital apertore (after Yolborth). B, e, few 
plates of the same enlarged, showing the pairs of pores. C, Plates 
of EeMnotphara, with pora-rhombs, enlarged. 

the external opening of the water-vascular system ; just 
below it is the small; circular genital aperture. All the 
plates of the calyx are pierced by canals running perpen- 
dicularly to the surface ; the canals are in pairs, and the 
external openings of each pair are enclosed in a raised or 
depressed area of oval shape (fig. 55 B). 

Some Cystideans are more primitive in character than 
the form just described. For example, Aristocytis, from 
the Ordovician of Bohemia, has an ovoid or pear-shaped 
body formed of numerous plates, but possesses no food- 
grooves, brachioles, or stem, and the pores traversing the 
plates are single. 

In another group of the Cystidea the plates of the 
calyx are traversed by canals which are arranged in groups 
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having a rhombic form ; one half of each rhomb is on 
one plate, the other on an adjoining plate (fig. 55 C). The 
canals are parallel to the surface of the plates, and perpen- 
dicular to the sutures between the plates. These groups of 
canals are known as pore-rhombs. Echmospheera, from the 
Ordovician, is a form which possesses many pore-rhombs ; it 
has a spherical calyx, consist- 
ing of numerous plates, some 
of which project at the base 
and probably served to fix the 
calyx, there being no stem ; 
around the mouth are irom 
three to five small arms. In 
most genera belonging to this 
group the plates of the calyx 
are much fewer in number 
than in Echtnosphcsra, and 
have a distinctly radial sym- 
metry — being arranged in 
cycles, the plates of each 
cycle alternating with those 
immediately below. For ex- 
ample, the calyx of Lepado- 
crinus, from the Silurian (fig. 
56), is formed of five cycles of 
plates ; at the base is a cycle 
of four plates, followed by four 
cycles of five plates each; fi^m 
the summit of the ovoid calyx 
four food-grooves stretch to- 
ward the base; they do not 
rest directly on the calyx, as is the case in Qlyptosphcera, 
but on speciaDy-developed plates. Numerous brachiolea 



lo. 5G. LtpacU>CTinui qwtdri- 
fmciatui, from the Wenlock 
Limestone. Restored figure. 
The brachiolea of tbe oater rows 
are erect ; those of the middle 
row depressed. Near the top ot 
the left-hand quarter is tbe 
anaa ; near the top of the right- 
haad quarter is a pectinated 
rhomb. (From the Guide to the 
Geol.Dept.,Brit.Miu.) Natural 



ECHINODERMA. CYSTIDEA. 143 

come oflf from each side of the food-grooves. In this 
genus there are only three rhombs, and they are of the 
more highly-developed type called pectinated rhombs; 
these diflfer from pore-rhombs in being surrounded by a 
raised rim and in having the folds of the plate more pro- 
nounced. In some other Cystideans of this group the 
brachioles are found near the mouth only. 

Distribution of the Cystidea, 

The Cystideans are comparatively rare fossils. They 
range from the Middle Cambrian to the Carboniferous 
Limestone, and attain their maximum development in the 
Upper Ordovician. In the Menevian we get Protocystis ; 
this also occurs in the Tremadoc Beds, and with it Macro- 
cystella. In the Ordovician we find, amongst others, Aris- 
tocystiSy Echinosphcera, Pleurocystis, and Glyptosphcera ; in 
the Silurian, Lepadocrinus, Pseudocrinus, and Pkicocystis, 
In the Devonian there are fewer forms, and from the 
Carboniferous only one or two genera have been recorded. 



CLASS IIL BLASTOIDEA. 

In the Blastoids (fig. 57) the body consists of a calyx, 
usually with a stem; but the latter is rarely found 
attached to the calyx. The calyx may be Sjjherical, oval, 
pear-shaped, or bud-like ; in most cases it is formed almost 
entirely of thirteen plates, arranged in a regular manner. 
True arms are not present. 

In Pentremites, which may be taken as h* type of the 
group, the calyx (fig. 58) has the following sttucture. The 
dorsal part is formed of a cycle of three platcPS — the basals 
(6), two of which are alike^ mA the third snf-aller. Above 
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the basals is a cycle of five radial plates (r) ; these a 



Fio, 67. Orophoerii 
Beetored fig J 
Naturftl 



:*ire. (F. 



fa$i/ormi$, from the Carboniferons ot Iowa, 
the Guide to the Qeol Dept., Brit. Mm.) 
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larger than the basals, and form the main part of the 
calyx. At the upper end of each there is a deep incision, 
which serves for the reception of the ambulacral area (a). 
Above the radials and alternating with them occurs a 
cycle of smaller plates — the deltoids (d) or inter-radials. 
A B C 




Fra. 58. PentremiUe godoni, Carboniferous. A, side; B, upper anrfaee; 
C, under BarTace. a, ambulacral areaa ; b, basal plates ; t, radiata ; 
d, deltoids; $, spiraclea around the mouth; an, anua. x 2. 

The mouth ia placed at the summit of the calyx, in the 
centre, and around it are five , 

other apertures termed spira- p 

cles (s), one of which is larger 
than the others and includes 
the anus (an). From the 
summit the five ambulacral 

areas (a) radiate towards the a 

dorsal surface, and are bor- 
dered partly by the deltoids 
but mainly by the radials. 
Each ambulacral area (fig, 59) 

consists of the following p,^ 59 Ambnlacral area of P^«- 
plates. Occupldng the middle tremites godoai, Carboniferous. 
. . ■ i J I i /n '. lanoet-plato ; «, side-plate; p, 

IS a long pomted plate (l), pore ; a, ambulacral groove ; sj). 
the lancet-plate, which is spiracle, x 3. 
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traversed by a longitudinal canal, in which the radial 
vessel of the water-vascular system was probably placed. 
On each side of the lancet-plate is a row of small plates, 
the side-plates (s). Extending down the middle of each 
ambulacral area is a groove, the amhulacral groove (a), 
which, in perfect specimens, is covered over by small cal- 
careous plates. At right angles to the ambulacral groove, 
on each aide of it, are numerous transverse grooves. 
Along the outer margin of the side-plates there is a row 
of pores, the marginal pores (p), formed by spaces between 
adjoining plates. When the lancet-plate and the side- 
plates are removed from an ambulacral area, we find 
underneath, in the middle ^ ^ ^ 

line, an elongated trough- 
like plate, known as the 
under-lancet-plate. At the 
sides of this may be seen the 
edges of the hydrospire (fig. 
60 A), which consists of a 
flattened and folded cal- 
careous tube, communicating 
with the exterior by means ^ .■ -. . , 

of the marginal pores, and f 

ventrally also by the spiracles, ^"t; 60. P™ir.m<i« <utentu>, 
■^ ■^ 1,1 Carboniferous. Horizontal bm- 

A current of water probably tionofthacalyi. (, kncet-plate; 
passed m through the former J 'X'Si'' (iS SSi 
openings and out by the EnlatRed. 
latter. In well-preserved specimens the mouth, as in 
many erinoids, is not visible externally, but is covered 
over by a roof of small plates. From the margins of 
the ambulacral areas pinnule-like appendages known as 
hrachiolea (fig. 57) are given off; these are seldom pre- 
served, but pits or tubercles to which they were attached 
are seen on the side-plates. 
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One of the chief dififerences seen in other genera of 
blastoids is in the structure of the hydrospire ; in a few 
primitive types this organ is absent ; in other cases {e.g, 
Godaster) it is formed by the folding of the wall of the 
calyx (deltoids and radials) and opens at the surface by 
slits instead of marginal pores. In forms (e.g, Pentremites) 
in which the hydrospire has the appearance of a flattened 
and folded tube, hanging into the cavity of the calyx, the 
number of folds varies from one to many. Spiracles are 
sometimes absent (Godaster), but frequently five pairs occur 
with an independent anus ; in Pentremites the pairs have 
united and the anus is included in the posterior spiracle. 
The ambulacra vary in width and length; they may be 
broad and petaloid or narrow and linear. In addition to 
side-plates, smaller plates may be present at the ambu- 
lacral margins and are called outei^-side-plates. The side- 
plates may be entirely at the sides of the lancet-plate, or 
they may rest on it and partly, or even completely, conceal 
it. The under-lancet-plate is sometimes absent. The 
relative sizes of the basals, radials, and deltoids also vary 
considerably — thus the deltoids may be very small (e.g, 
Troostocrinus), or they may form a considerable part of 
the calyx (Orbitremites). 

The most important characters of the Blastoidea as 
a class are found in the ambulacra and hydrospires, the 
absence of true arms, the monocyclic base consisting of 
three basals only, and the five incised radials. In a few 
rare cases, hydrospires have been found to be present in 
the Crinoidea (Carabocrinus, Hybocrinus). 

Codaster. Calyx in the form of an inverted cone or pyramid. 
Basals forming a conical and usually deep cup ; radials large, with 
the forked parts sharply bent, forming part of the flattened upper 
surface of the calyx ; deltoids and ambulacra confined to upper 

10—2 
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surfaca A long lancet-plate, with side-plates, occurs between the 
deltoids and radials. Hydrospires consist of sharp folds of the 
calyx where the radials and deltoids meet, and open at the surface 
by slits. Mouth pentagonal, originally plated over ; no spiracles ; 
anus between the posterior deltoid and radials. Silurian to Carboni- 
ferous. Ex. C, trilobattis, Carboniferous. 

Orbitremltes { = Oranatocrinu8), Calyx elliptical, ovate, or 
more or less spherical, in section pentagonal or round ; with concave 
base. Basals small, not seen in a side view. Radials of variable size 
and forming part of the base. Deltoids generally rhombic, large in 
some species^ small in others. Ambulacra narrow, straight, with 
nearly parallel sides. Lancet-plate narrow. Hydrospires simple, 
usually with two or three folds only, dilated at the ends ; the inner 
fold forms a plate next to the lancet-plate. Spiracles five, round or 
oval, piercing the apices of the deltoids, the posterior one including 
the anus. Carboniferous Limestone. Ex. 0. derhierms. 

Distribution of the Blastoidea, 

In England the Blastoids range from the Devonian to 
the Carboniferous, being most abundant in the latter. 
A few primitive types {AsterohlastuSy Bldstoidocrinus) 
occur in the Ordovician of Russia and Canada ; and some 
others {Troostocrinus, Godctster) are found in the Silurian of 
North America. The English Devonian forms are rare 
and but little known. In the Carboniferous Limestone 
the blastoids attain their maximum development; ten 
genera are represented, the most important being Codaster, 
Orophocrinus, Schizoblastus, Orbitremitejs and Mesoblastus, 
Pentremites is common in the Carboniferous of America, 
but is not found in Britain. 

CLASS IV. EDRIO ASTEROID E A. 

The calyx in the Edrioasteroids (fig. 61 A) is usually 
composed of a large number of irregular plates, but, unlike 
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the Cyatidea, the canals (p) do not pass through the plates 
but between them. In most casea the calyx is flattened 
and more or less circular in outline ; it is attached to some 
foreign body by the under-part — a stem being veiy rarely 
present. The mouth is at the centre of the upper surface 




Fio. 61. Edrioatter bigtbyi, from the Ordovieian ot Canada. (From 
F. A. Bather, Echinoderma in LankeBtec's Zoology, part iir.) 

A, oral Borface. aiiib, corering-platea over the anterior and left-anterior 

ambulaoral grooves, but removed from the other grooves; ad, floor- 
plates of ambulacral grooves ; p, pores between floor-plates ; p», peri- 
stome, the greater part of which is roofed bj enlarged covering- 
plates; ia, interamhulacra; M, madreporite; Ai, anus. Katural 

B, section across the same speoimen through the right anterior ambu- 

lacrum and the left posterior interambulacrnm. Lettering as in A. 
/, frame of stoater plates; m, membrane with overlapping plates 
thronn into five lobes (I). Natural size. 

C, section across on ambulacrum with covering-plates (umb) over the 

groove (vg). Enlarged. 

{ps), and is covered by oral plates; from it five ambu- 
lacral grooves extend outwards over the upper surface of 
the calyx, and sometimes over part of the lower surface 
also. The ambulacra do not branch, but are frequently 
curved. The ambulacral grooves are covered by two rows 
of alternating plates {amh), similar to the ambulacral 
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plates of crinoids, and the floor of each groove is formed of 
special plates (ad), between or at the outer margins of 
which the canals pass (p). Neither brachioles nor arms 
are developed in connexion with the ambulacra. The 
anus, which is covered by a pyramid of plates, as in the 
Cystidea, is on the upper surface — in the area between 
the two posterior ambulacra (As), The calyx was more 
or less flexible in some cases ; and frequently around its 
border on the upper surface (but sometimes on the lower, 
fig. 61 B, f) there is a series of larger marginal plates, 
forming a framework, which, in combination with the five 
conspicuous ambulacra, gives the upper surface something 
of the appearance of a starfish in which the rays are not 
prolonged. 

The Edrioasteroids include only a few genera, and have 
usually been regarded as Cystidea, but differ generally in 
the canals passing between the plates, in the more perfect 
development of the ambulacra, the absence of brachioles, 
etc. 

Distribution of the Edrioasteroidea. 

The Class ranges from the Cambrian to the Carbon- 
iferous, and is best represented in the Ordovician. The 
principal genera are : — Stromatocystis in the Cambrian ; 
Cyathocystis, Edrioaster and Steganohlastus in the Ordo- 
vician; and Agelaa^inus and Lepidodiscus, ranging from 
the Ordovician to the Carboniferous. 



PHYLUM ANNELIDA. 



CLASS CH^TOPODA. 

The Chsetopoda include various forms of ' worms/ 
The body is segmented and generally the segments are 
similar. There is a ventral nerve-cord and a ring round 
the oesophagus connected with a pair of ganglia above it. 
A vascular system and a body-cavity (coelom) are present. 
The Chsetopoda possess bristle-like processes termed setae 
which assist in locomotion. There are three orders, (1) the 
Archiannelida, e,g. Folygordius, (2) the Oligochseta, e.g. 
the common earthworm Lumbricus, and (3) the Polychseta. 
The Archiannelida and the Oligochseta are unknown in 
the fossil state. The Hirudinea or leeches are regarded 
by some writers as a distinct Class of the Annelida, but 
by others as a division of the Chsetopoda; they do not 
occur fossil. 

ORDER III. POLYCH^TA. 

The members of this Order are nearly all marine; 
they are characterised by the possession of numerous setse, 
which are placed on special processes termed parapodia. 
Tentacles are usually present on the head. Many forms 
live in tubes, which may consist of carbonate of lime, of 
chitinous material, or of grains of sand cemented together 
by a secretion. On account of the possession of this tube 
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the polychsetous worms are often found fossil. Other 
forms, which do not live in tubes, are provided with 

minute chitinous jaws, and in some formations, especially i| 

the Ordovician and Silurian, these are abundantly pre- ll 

served. { 



Serpula. Tube calcareous, long, round, angular or flattened ; 
straight, curved irregularly or sometimes spirally, closed at one 
end ; generally attached to some foreign object by a portion of its 
surface. Carboniferous to present day. Ex. S, gordialts, Chalk. 

Splrorbls. Tube calcareous, small, spiral, attached by one side. 
The spiral either left-handed or right-handed, the last whorl often 
produced into a free tube. Ordovician to present day. Ex. S. 
ptmlltcs {=carbonariu8\ Carboniferous. 

Distribution of the Ghcetopoda. 

Practically all the worms found fossil belong to the 
Polychseta; the earliest examples occur in the Cambrian 
beds. In addition to worm-tubes and jaws, we find, in 
various rocks, numerous trails and burrows, which are con- 
sidered by some authors to have been formed by worms, 
but in many cases it is probable that they were made by 
other animals such as crustaceans and gasteropods. 



PHYLUM BRACHIOPODA. 



Sub-Classes, 
1. Inarticulata. ., 



2. Articalata. 






Orders. 
Atremata. 
Neotremata. 
Protremata. 
Telotremata. 



In^ the Brachiopods the soft parts of the animal are 
enclosed in a shell which is formed of two pieces termed 
valveSy one placed on the dorsal surface, the other on 
the ventral. Generally the body occupies only the pos- 
terior part of the shell. The interior of the shell is lined 
by a membrane, the mantle, which is a prolongation of 
the body-wall, and is divided into two lobes, one oc- 
curring in each valve; the space between the two is 
known as the mantle-cavity. In most genera the margin 
of the mantle is thickened, and carries numerous chitinous 
setae. The mouth (fig. 62, v) opens into the mantle-cavity, 
and leads into an oesophagus, which is followed by a 
stomach (partly surrounded by the liver), and an intestine. 
In the articulate brachiopods the intestine is short and 
ends blindly, in the inarticulate forms it is long and ends 
in an anus which opens into the mantle-cavity. The nervous 
system consists of a ring round the oesophagus, with gang- 
lionic enlargements from which nerves are given ofif to the 
armSj mantle, etc. The part of the body-cavity which 
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surrounds the alimentary canal communicates with the 
mantle-cavity by means of 
two, or rarely four, funnel- 
shaped canals, which serve 
as excretory organs. The * 

body-cavity extends into the "-- 
mantle as a series of spaces 
or sinuses; these produce 
slight depressions on the 
interior of the valves, and 
can often be traced as ridges 
on the internal casts of fossil 

specimens (fig 78). The ^'J-.^^-, .^"J"'^'";? t = 
body-Cavity is filled with a gitudinol eection. d, (upper), 
fluid which ia Itept in motion Z'lTh!tSZ: .,* £".',' 
by means of cilia. A vesicle mueclcs; c, c'. divaricator n 
-J .1 J 1 _r cles; »«, septum; r, mouth 

lOUnd on the dorsal sunace terminal part of alimentsry 
of the alimentary canal, near *="'"^'- t-*-^^'' D»v'daoD,) x IJ. 
the cesophagus, is regarded as the heart. 

The brachiopods are never colonial animab. Repro- 
duction takes place sexually, never by budding or fission ; 
they are dioecious. The genital organs are placed in the 
body-cavity, and in the sinuses of the mantle. 

Generally the greater part of the mantle-cavity is 
occupied by two long processes, given off fi^m the sides 
of the mouth ; these are known as the " arms " (fig. 62, d), 
since they were at first supposed to serve in locomotion — 
hence the name Bracktopoda. The arms are covered with 
cirri (h), which produce a current of water conveying food 
to the mouth. Respiration is carried on mainly by the 
mantle, but possibly also to some extent by the arms. 

Of the two valves of the brachiopod, the ventral is 
nearly always larger than the dorsal; each is produced 
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into a beak or umbo (fig. 63). The ventral umbo is more 
prominent than the dorsal, and it has generally, either at 
its apex or just beneath it, an opening. With a veiy few 
exceptions the shell of the brachiopod is equilateral, that 
is to say, a line drawn from the umbo to the opposite 
margin divides it into two equal and similar parts. This 
character, combined with the inequality in the size of the 
valves, renders it easy to distinguish the shell of a bra- 
chiopod from that of a lamellibranch. In many forms the 
two valves are joined together by means of a hinge, these 
constitute the group Articulata ; in others they are held 
together by muscles only, these form the Inarticulata. 
The hinge consists of two short curved processes or teeth 
given off from the ventral valve near the umbo, which fit 
into corresponding sockets in the dorsal valve. In some 
genera (e.g. Ortkis) the teeth are supported by plates 
(the dental plates) which are fixed to the inside of the 
ventral valve. The line on which the two valves move 
in the opening and closing of the shell, is termed the 
hinge-line (fig. 63, g — h). In some genera {Terebratula) 




Fia. 63. Terebratula temiglobota. Upper Chalk. A, dorsal view. B, 
lateral view, a, posterior ; b, anterior ; a — h, length ; c — d, breadth ; 
e—f, thickness ; g—h, hinge-line, x |. 

this is short and curved, in others (Spirifer, fig. 76) it is 
long and straight. The posterior part of the shell is that 
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near the hinge (fig. 63, a), the anterior is the opposite 
margin (6). The length of the shell is measured from the 
anterior to the posterior border (6 — a). The breadth is 
at right angles to this, from one side of the shell to the 
other (c — d). The thickness is measured fi'om one valve to 
the other, perpendicular to the length and breadth (e—f). 
In some genera (e.gr. Terebratula) the length is greater 
than the breadth, in others (e.g. Strophomena) the breadth 
is greater. Between the hinge-line and the umbo there is 
in some brachiopods {e,g, Cyrtia, fig. 64) a flat or slightly 
concave portion of the shell, 
usually triangular, on which 
the ornamentation of the rest 
of the shell is absent, the 

surface being either smooth Fig. 64. Oyrtia ^xpo^r^cfa Wen- 

° . lock Limestone, a, umbo of 

or striated; this is known as ventral valve; abCy area; 6 — c, 

the area. It may occur on ^^^^-^^^^ Natural size, 
both valves (e.g. Orthis), but is ofben found on the ventral 
valve only. 

Nearly all living brachiopods are fixed to a rock or 
other object ; but some fossil forms were fi^ee, especially in 
old age {e.g. Productus). Some, like Crania, are attached 
by one valve being soldered to the rock ; others (e.g. Stro- 
phalosia) by spines given ofi* from the surface of the shell. 
More commonly, however, the attachment takes place by 
means of a stalk or peduncle ; this is a cylindrical process, 
in some genera long, in others short, connected with the 
mantle, and passing out either through an ojiening in the 
ventral valve (fig. 65 A,f) or between the umbones (e.g. 
Lingula, fig. 69). It is composed mainly of supporting- 
tissue with a sheath of homy material, but in some forms 
there are muscular layers also. 

The opening for the passage of the peduncle varies 
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considerably in different genera, and is a feature of 
importance in classification. The simplest case is that 
found in Lingula and some others, in which the opening 
is shared by both valves. In other types we find that 
the peduncle-opening is confined to the ventral valve; 
in Diadna the opening is completely enclosed by the shell 
and is often near the centre of the valve ; consequently the 
peduncle comes out at right angles to the plane of the 
valves. Sometimes, as in Orthis (fig. 73), the peduncle- 
opening is in the form of a triangular fissure, under the 
umbo, known as the delthyrium. In brachiopods belonging 
to the group Telotremata, a similar delthyrium is found in 
young individuals, but subsequently becomes partly closed 
by two plates, which grow inwards fi-om the sides of the 
delthyrium and sometimes meet in the middle line. These 
two plates form the deltidium. In Rhynchonella the two 
plates meet, but a small circular or ovate opening (the 
foramen) is left near the centre for the peduncle. In 
Magellania (fig. 65 ^) the foramen is quite at the apex 
of the umbo, its lower boundary being formed by the del- 
tidium (d). In genera belonging to the Protremata and 
a few of the Neotremata, the delthyrium is more or less 
completely filled up by a shelly growth known as the 
pseudo-deltidium ; this at first sight closely resembles the 
deltidium, but is really of a different nature. It is secreted 
by the peduncle and the dorsal surface of the mantle, 
although attached to the ventral valve, whereas the 
deltidium is formed by the edge of the ventral lobe and 
originally consists of a pair of plates. It is also developed 
at an earlier stage than the deltidium, and grows from the 
apex of the delthyrium downwards, becoming fused to the 
ventral valve. 

The two valves of the brachiopod can be opened and 
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closed by means of muscles (fig, 62); those which open them 
are called the divaricators (c, c'), those which close them, 
the adductors (a). When the aoft parts of the animal have 
been removed the places where the muscles were attached 
to the interior of the ahell are indicated by a difference in 
the surface such as striation, or by slight depressions or 
elevations; these markings are termed the muscular 
impressions. In the articulate brachiopods there are 
generally five or six pairs of muscles. In the genus 
Magellania there are two pairs of divaricators (fig, 62 A, 
c, c') and one of adductors (a). Both pairs of the former 
are attached to a process (the cardinal p-ocess, fig. 65 B, 
c, (/) on the dorsal valve between the teeth sockets, and 



Fio. G5. Mageltania [-Walilheimia] Jtaveicem, Recent. A, Interior of 
ventral lalve. /, foramen ; d, deltidium ; i, te«lh ; a, impressionB 
of nddactor mnsoles ; c, e', impressions of divarioator muBclea ; 
h, b", muscles of the peduncle. B, Interior of dorsal valve, c, c', 
cardinal process ; b", hinge-plate ; i, dental HocketB ; I, loop ; 
a, a', adductor impressions; c, point of attachment of the smaller 
divaricstor. (After Davidson.) x 1}. 

one pair join the ventral valve near its centre (fig. 66 A , c), 
while the other pair, which are smaller, are attached 
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nearer the posterior border (c'). Hence the dorsal valve 
forms with these two pairs of muscles a lever of the first 
order. The adductor muscles are united to the ventral 
valve near the centre (fig. 65 A, a) and form a single 
impression divided by a median line ; ^ these muscles 
bifurcate before reaching the dorsal valve and there form 
four impressions (fig. 65 B, a, a'). There are also muscles 
attached to the peduncle which serve to move the shell 
bodily, one pair of these being united to the dorsal valve 
(fig. 65 B, h"\ the others to the ventral {A, 6, h"). In 
the Inarticulata the muscles are much more complicated ; 
thus, in Lingula (fig. 69) we find, in addition to the 
adductors and divaricators, muscles for moving one valve 
backward or forward in relation to the other, and others 
for giving a slight rotary motion. 

The arms, already mentioned as occupying in most 
genera the main part of the mantle-cavity, are generally 
coiled up. In some forms they can be protruded a greater 
or shorter distance. Sometimes they are supported on a 
calcareous fi-amework — the brachial skeleton — which is 
attached to the posterior part of the dorsal valve. In 
Rhynchonella (fig. 77 B, c) the brachial skeleton consists 
of two short curved processes. In Terebratula (fig. 79) 
there is a ribbon-like band forming a short loop. In 
String ocephalus (fig. 81) the loop is more extensive and 
runs pairallel to and near the margin of the valves. In 
Magellania (fig. 65 B) the loop extends nearly to the 
anterior margin of the shell and is then bent back upon 
itself. In other genera, the brachial skeleton is in the 
form of two spiral ribbons; in Spirifer (fig. 75 ^4) the 
apices of the spirals are directed towards the lateral 
margins of the shell, in Olassia they point inwards, in 
Atrypa (fig. 76 ^4) upwards to the centre of the dorsal 
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surface. The brachial skeleton is absent in all the 
inarticulate genera, as well as in some of the articulate 
forms such as Productus and Ghonetes, 

The development of the brachial skeleton has been 
studied in some modem species of Terebratulina, Magel- 
lania, and Terebratella, In Terebratulina the adult form 
is reached almost directly ; but in Magellania the brachial 
skeleton passes through various stages before the adult 
condition is attained; and it is noteworthy that these 
stages are similar to the adult forms of certain other 
genera. Thus in Magellania venosa the brachial skeleton 
passes through stages which, in succession, resemble the 
brachial skeletons of the genera Owyniay Cistella, Bou- 
chardia, Megerlinay Magas, Magasella, and Terebratella, 
after which the adult condition is reached. Another 
striking fact is that some species, which have hitherto been 
referred to the genus Magellaniaj have a development 
differing from this ; thus M, cranium passes through 
stages distinctive of the genera Gwynia, Gistella, Platidia, 
Ismerda, Milhlfeldtia, and Terebratella, If the stages 
through which an individual passes in its development be 
taken to indicate its ancestry, then it follows that in 
Magellania there are two groups of species having different 
ancestors, and these two groups must therefore be regarded 
as constituting two distinct genera (see pages 13, 14). 

The largest brachiopod known is Productus giganteus, 
from the Carboniferous Limestone, which has a breadth 
of twelve inches ; the size of the shell in different genera 
varies from this down to about a quarter of an inch. 
Generally the shell is very thin, but in some forms {e.g. 
Productus (Daviesiella) llangollensis) it is thick and mas- 
sive. The external form varies considerably; it may be 
globular, ovoid, hemispherical, quadrilateral, or triangular. 
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Usually both valves are convex, but in some genera, one 
is plane the other convex, or one may be concave and the 
other convex; in the last case the space in the interior is 
small. Sometimes there ia a depression or sulcus on one 
valve (generally the ventral) and a corresponding ridge 
OQ the other valve. The surface of the shell is some- 
times quite smooth, but is often punctate, or ornamented 
with striae or ribs, which generally radiate from the 
umbones but are occasionally concentric. In a few forms 
the shell is covered with spines. 



Fio. 66. Vertical aectioa of shell of MagtUania [ = Waldh^imia] Jlaveeceni, 
Becent. a, priBsmtio layer; b, cbitiDouB layer; c, ontor calcareous 
layer ; t, d, canals traversing the caloareons layers. (After King.) 
Magnified. 

In the Articulata the shell is mainly calcareous. In 
the genus Magellania it is formed of three layers (fig. &G); 
the inner {a), next the mantle, is the thickest and moat 
important, and consists of 
flattened prisms of calcite 
arranged obliquely to the sur- 
face of the shell, each prism 
being encased in a membrane, 
which of course has disap- 
peared in the fossil examples. f,o. 07. Horizontal aeclion 
The middle layer (c) is lamel- through the prismatio layer of 
-^ ■• ' TcTtbratula maxtllata, from the 

lated and also calcareous. Ihe Great Oolite, sliomng prisias 
outer (b) consists of chitinous ^"^ "'"='=■ Magnified, 
w. p. 11 
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material. The inner and middle Jayers are traversed by 
canals (figs. 66, e, d, 67) running at right angles to the 
surface of the shell, and containing prolongations of the 
mantle. The shell is secreted by the mantle, its outer- 
most border producing the chitinous layer, a zone just 
within this forming the lamellated layer, and the remainder 
giving rise to the prismatic layer which gradually en- 
croaches on the preceding; hence the last layer is the 
only one which can subsequently increase in thickness. 
In many forms the lamellated layer is absent, and some 
(e,g. Rhynchonella) possess no canals traversing the cal- 
careous layers. 

The shell of the Inarticulata has a diflferent structure. 
In Lingula it consists of alternating calcareous and chiti- 
nous layers, the calcareous material being mainly phos- 
phate of lime. The canals which traverse these layers 
are more numerous and much smaller than those found in 
the articulate forms. 

The diflferent stages in the growth and decline of the 
brachiopod shell, fi-om the embryo up to old age, have 
been carefully studied by Beecher. He finds that the 
shell in the earliest or embryonic stage is similar in 
character in all the genera which he has examined; he 





A 



Fio. 68. Iphidea [=Pat€rina'} labradorica, from the Lower Cambrian 
(Olenellus Beds). A^ ventral valve. B, dorsal valve. Enlarged. 

calls this embryonic shell the protegulum. Sometimes 
the protegulum may be found at the umbones of adult 
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shells, but generally, owing to its delicate nature, it 
has been worn off; it is semicircular or semi-elliptical 
in form, and is marked with concentric lines of growth ; 
its size varies from '05 to '60 millimetre. From the 
constancy of the occurrence of the protegulum it may 
be reasonably inferred that the ancestral form of the 
Brachiopoda possessed throughout life a shell similar to 
the protegulum. This view seems to be supported by the 
occurrence in the Lower Cambrian (Olenellus Beds) of 
North America of a brachiopod of this nature, named 
Iphidea (fig. 68). 

The Brachiopoda are divided by nearly all authors 
into two groups — the Inarticulata and the Articulata^ — 
the characters of which have already been described. 
Each of these groups may be divided into two Orders, 
based to a large extent on the character of the peduncle- 
opening (p. 157). 

SUB-CLASS I. INARTICULATA. 

The valves are not provided with teeth, but are held 
together by muscles only. The intestine is long and ends 
in an anus. There is no brachial skeleton. 

ORDER I. ATREMATA. 

The peduncle passes out between the umbones, the 
opening being shared by both valves. E,g, Lingula, 

Obolella. Shell ovate or sub-circular, lenticular. Ventral 
valve with a thick umbo, and a small area with a groove in the 

^ These have also received other names; the Inarticulata being 
known by some authors as the Lyopomata, the Ecardines, the Pleuro- 
pygia, or the Tretenterata ; and the Artioulata as the Arthropomata, the 
Testicardines, the Apygia, or the Clistenterata. 

11—2 
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middle; one pair of long muscular impressions extend from near 
the hinge-line to the middle of the valve, between these are a pair 
of small impressions, and near the hinge-line a third pair of small 
impressions. Dorsal valve with a minute umbo, and an internal 
median ridge. Cambrian. Ex. 0. polita. 



Lingllla (fig. 69). SheU thin, 
elongate-ovate or quadrilateral, ta- 
pering towards the umbones, slightly 
gaping at the extremities. Dorsal 
valve a little shorter than the ven- 
tral Hinge-line slightly thickened. 
Twelve muscular impressions in 
each valve, but only feebly marked. 
Surface of shell smooth, or con- 
centrically or radially striated. 
Peduncle long, passing between 
the umbones. Shell composed 
mainly of alternating layers of phos- 
phate of lime and chitinous mate- 
rial. Cambrian 1 to present day. 
Ex. L, aTiatinay Eeoent; L, ovaZis^ 
Eimeridge Clay. 



nearly equivalve, compressed, 
A J^ B 




Fig. 69. Lingula anatina, Re- 
cent. Interior of valves show- 
ing muscular impressions. A, 
ventral valve. B, dorsal valve, 
u, umbonal muscle; t, trans- 
medians; c, centrals; a, an- 
terior laterals; m, middle 
laterals; e, external laterals. 
X J. 



Lingulella. Distinguished from Lingula by the presence, in 
the ventral valve, of a distinct slit and of a high hinge-area. 
Cambrian to Ordovician. Ex. Z. david^ Lingula Flags. 



ORDER n. NEOTREMATA. 

The peduncle-opening is confined to the ventral valve. 
In the lower types the opening is in the form of a slit 
at the margin of the valve; but in the higher forms it 
is completely surrounded by shell, and is often near the 
centre of the valve, in which case the peduncle passes out 

^ The internal characters of many of the species found in the Lower 
Palffiozoic formations are only imperfectly known ; it is therefore possible 
that these early forms may not belong to this genus. 
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at right angles to the plane of junction of the two valves. 
E.g. Discina. 

Siphonotreta. Shell elongate-oval, biconvex, inequivalve, 
with spines on the surface. Hinge-line curved ; no area. Ventral 
valve rather convex, with a prominent, straight umbo, having a 
foramen at its apex continued as a tube to the interior of the valve. 
Dorsal valve less convex, with umbo at the margin. Muscular 
impressions near the hinge-line in both valves. Ordovician and 
Silurian. Ex. S. micula, Llandeilo. 

Discina (group). Shell sub-orbicular, or sub-elliptical, surface 
smooth or covered with striae of growth. Valves more or less 
conical, the summits of both sub-central or sub-posterior. Animal 
attached by a peduncle passing through an opening in the ventral 
valve, which is placed eijiher near the summit or a little behind it. 
Four adductor impressions. Cambrian to present day. 

The definition of Discina given above includes the three genera 
Discina (restricted), Discinisca, and Orbiculoidea ; in the Palaeozoic 
specimens it is generally difficult, owing to imperfect preservation, 
to make out their distinguishing features ; consequently it will often 
be convenient to use the term Discina in a wide sense. The cha- 
racters of the three forms are : — 

Discina (restricted). Both valves convex. Peduncle-opening 
small, externally near the middle of the valve, passing through the 
shell obliquely forwards. The only species definitely known is 
D, striata, Recent. 

Discinisca. Ventral valve flattened; behind the apex is a 
disc, which is depressed externally and interrupts the continuity of 
the lines of growth. The disc is perforated for the peduncle by a 
fissure which passes directly, not obliquely, through it. Perhaps 
Tertiary or earlier. Ex. D. lumellosa, Recent. 

Orbiculoidea. Ventral valve flattened ; on the surface just 
behind the apex is a narrow furrow, which is perforated at the point 
farthest from the apex, the perforation passing through the shell 
obliquely backwards. Silurian to Carboniferous, perhaps also 
Mesozoic Ex. 0. morrisi, Wenlock Limestone. 
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Crania(fig. 70). Shell caIcareouH,qiiadrai^ularoraub-circu]ttr, 
smooth or furnished with radiatogjiba, fised by the ventral valve ; 
without peduncle -opening. Pmtral vsJve depressed-conical ; dorsal 
lai^er than the ventral, conical with a sub-central apex. Internal 
border of both valves covered with coarse granulations. Two pairs 



A B 

Fio. 70. Crania awmala, Becent. A, interior of ventral valve ; B, doraal 
valv?. a, anterior adduotoiB ; a', poBterioi adductors ; e, posterior 
adJDstois ; c', cardinal mnscle ; r, o, central and external adjnators. 
(From Woodward.) x 2. 

of well-marked adductor impressions in each valve (oa') ; the poste- 
rior pair near the margin, the anterior near the centres of the valves 
and close together, especially so in the ventral valve. Also other 
smaller muscular impressions. Ordovician to present day. Ex. C. 
ignabergerim. Upper Chalk. 

SUB-CLASS 11. ARTICCLATA. 

The valvea articulate by means of two teeth on the 
ventral valve which fit into sockets on the dorsal. The 
intestine is short and ends blindly. A brachial skeleton 
may or may not be present. 

OBDEB L PBOTBEMATA. 
A pseudo-deltidium is developed, but may disappear 
in the adult. The peduncle-opening is at the margin of 
the valve, in the form of a fissure either opening at the 
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hinge-line or more or less completely closed by the pseudo- 
deltidium. E.g. Orthis. 

Kutorgina. Shell calcareous, broader than long, tvith along, 
straight hinge-UDe; 8\irface with concentric strise. Ventral valve 
very convex, with an elevated umbo; four pairs of muscular im- 
pressionB. Dorsal valve flat or slightly convex, with two pairs of 
muscular impresaiona. Areas of both valves narrow, with a wide 
fissure. Cambrian, Ei. K. cingulala. 

FroductUS (fig. 71). Shell free, generally transverse {i.e. 
broader than long) but sometiiues elongated, often produced into 




Fw. 71. Prodiictue giganteus, CarhoniferouB Limestone. A, interior ot 
dorsBl valve; B, interior of ventral valve; C, ideal section of both 
valvea ; D, dorsal hinge-line, j, cardinal process; a, adductor; 
r, divaricator ; ^, ventral area ; b, brachial prominence (?); <, hollows 
occupied b; the spiral arms ; v, reniform impressioDS. (From 
Woodward.) x \. 

e&va in the umbonal region. Dorsal valve concave. Ventral valve 
very convex, often aharply bent, sometimes with a median sinua; 
umbo large, incurved, imperforate. Hinge-line straight, teeth absent 
or rudimentary. Area linear or absent Surface ornamented with 
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radiating ribs, crossed by concentric folds, especially in the umbonal 
region. TubiJar spines, esjwcially in the region of the lunbo and 
ears. Muscular impressions strongly marked ; in the yentral valve 
the adductors (a) are near the umbo, and in front of them the 
divaricators (r) are inserted. A prominent cardinal process (J) on 
the dorsal valve which is cootinued as a median ridge in the in- 
terior. No brachial skeleton. Devonian to Permian. Ei. P. temi- 
retieulatiu, Oarhoniferoua Limestone. 

Btrophalosla. Shell similar to Prodiictm in form ; attached 
by umbo of ventral valve. A well-marked area on each valve, with 
a pseudo-deltidium ; the ventral area larger than the dorsal. 
Ventral valve with two prominent teeth. Dorsal valve with a 
prominent, bi6d cardinal process. Surface of ventral (and sometimes 
also the dorsal) valve covered with spines. Devonian to Permian. 
Ei. 8. excavata, Permian. 




B 

Chonetii From the Deroman A dorsal B ventral valve. 
a addnctor impTessiona e divancators t teetL v vascular 
impreasiona j cardinal prooeBs (Ftom Woodward ) Enlarged. 

Chonetes (6g 72) Shell transverse semicircular concave- 
convei, or sometimes plano-convex. Hinge line atra ght forming 
the greatest width of the shell Teeth strong An area on each 
valve Upper margin of area of ventral \alve furawhed with a row 
of hollow, diverging spines which increase in length towards the 
terminations of the hinge line. Peduncle opening more or less com- 
pletely closed by a pseudo-deltidium Muscular impressions &intly 
marked Surface ornamented with radial stnce Silurian to Per- 
mian Ex t ttrtaUlla Upper Ludlow 

Leptsna. Shell coocavo convex, semicircular or nearly quad- 
■ rangidar, oni.wnented with small rikdiating rilw, crossed by concentric 
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folds on the flatter pftrts; anterior part bent sharply, often at a 
right angle. Space between the two valves very amall. Hioge-hne 
straight, forming the greateat width of the shell. An area on each 
valve, that of the dorsal valve linear, that of the ventral valve larger 
and with a median notch covered hy a pseiido-deltidium. Umbo 
of ventral valve perforated by a small circular foramen except in old 
age. Two strong diverging teeth in the ventral valve. Muscular 
impressions— in the ventral valve, two narrow adductors surrounded 
by two large divaricators ; in the dorsal, two small adductors near 
the centre of the valve, behind which are two larger adductors. 
Ordovician to Cwboniferoua, Ex. L. rhomboidalh, Bala Beds, etc. 

Strophomena. Shell concavo-convex, semicircular or semi- 
elhptical, ornamented with radiating ribs. Hinge-line sti'aight, 
forming the greatest width ; a pseudo-deltidium is present. Ventral 
area conspicuous, the dorsal narrow. Teeth diverging widely, 
supported by plates, which are produced into ridges nearly surround- 
ing the muscular area! the latter is divided by a median ridge. 
Dorsal valve with a ridge separating two large adductor impressions, 
in front of which are two narrow impressions. Ordovician and 
Silurian. Ex. S. antiguaia, Wenlock Limestone. 
> Orthis (fig. 73)'. Outline sub-circular or quadrate. Both 



A B 

FiQ. 73. Orthit itriatuia, Devoniaa. A, interior ot dorsal valve; 
B, ventral valve, c, curved brachial procesaea (crura); v, genital 
impressioDB ; h, area; r, teeth; a, adductors; d, divaricators. 
(From Woodward.) Natural size. 
' A large number of species showing considerable difterenoei have 
been placed in this genns, and according to tlie work of recent anthora it 
must be regarded as a group including ae feral different genera. 
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waives coDvei. Surface Kidially ribbed or striated. Hii^e-line 
straigbt, sometimes equal to tbe width of the shell, but generally 
shorter. An area on either valve, each divided by a median triangu- 
lar fissure (delthyrium). In the ventral valve two lai^ teeth, 
supported by dental plates. Four muscular impressions in the 
dorsal valve. Two long, narrow impressions (d) with two smaller 
ones (a) between them in the ventraL Cambrian to Carboniferous. 
Ex. 0. callic/ramma, Ordovician and lower part of Silurian ; 0. Jlahd- 
Ivlum, Bala Beds; 0. resupinata, Carboniferous Limestone. 

PentaJnerus (fig- 74). Shell oval, ornamented with ribs, 
rarely smooth. Ventral valve the more convex. Dorsal valve 
usually with a fold in front, ventral valve with a corresponding 




A B 

Fio, 74. Fentamerui (Connftirfium) knighti, Aymeatry Limestone. A, 
tnnBTerae seetton ; B, longitudinal aectioB. it, dorsal septa; 
», ventral septum; d, dental platea. {From Woodward.) xj. 

depression. Umbo of ventral valve sharp, strongly incurved, usually 
touching the doi'sal valve and concealing the triangular aperture. 
No area ; usually no pseudo-deltidium. Dental-plates (d) trough- 
hke, converging in the ventral valve to form a median septum («) ; in 
the dorsal valve two septa close together (m). Silurian to Devonian, 
Ex. P. oblongui, Llandovery ; P. knigkti, Aymestry Limestone ; 
P. galeatui, Wenlock Limestone. Conckidiwm and Oypidjila are 
sub-genera of Pentamerus aa defined above, but by some writers 
they are r^arded as independent genera. 

Stlicklandla. Shell large, oval, ornamented with ribs ; valves 
nearly equal, sometimes with a fold and a sinus. An area on tbe 
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ventral valv& A short median septum in the ventral valve from 
which arise two plates forming a small chamber under the umbo. 
Silurian. Ex. S. leni, Llandovery Beds. 

ORDER II. TELOTBEMATA. 

The peduncle -opening is confined to the ventral valve, 
and is placed either at the umbo or beneath it. A delti- 
dium ia developed. li.g. Magellania. 

y Spilifer (fig. 75). Shell transverse, more or less triangular, 
biconvex, smooth or ornamented with ribs or striee. Often with a 
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Fra, 75. Sptiifer aMaUu, Carbon iferons. A, interior ot dorsal valve, 
showing biachilkl skeleton. S, interior of ventral valve, showing 
mnscnlar impressiona and area. (From Woodward.) x J. 

sinus on the ventral valve and a ridge on the dorsal Hinge-line 
long and straight. An area on each valve, the ventral one tri- 
angular, often transversely striated, divided by a median triangular 
slit, which is partly closed by a deltidium ; dorsal area small, also 
with a median slit. Teeth supported by dental plates. Brachial 
skeleton often filling a great part of the interior of the shell, in the 
form of two spiral ribbons, with their apices directed laterally. 
Silurian to Permian, Ex. S. striatus, Carboniferous Limestone. 

The sub-genus Spiriferina possesses a high median septum in the 
ventral valve. Devonian to Lias. Ex. S. walcotti. Lias. 

Cyrtia. (fig- 64). Area on the ventral valve very large, with a 
convex deltidium. Dental plates well developed but not joining. 
Brachial skeleton as in Spirifer, but the apices of the spires are 
nearer the hinge-line. Silurian (? Devonian). Ex. C. exporrecta, 
Wenlock Limestone. 
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Uncltes. Shell elongate-oval, biconves, striated. Hinge-line 
curved, no area. Umboof the veDtral valve prominent and incurved, 
foramen closed in the adult; deltidium concave. Dental plates 
strong. Apex of dorsal valve incurved and partly hidden in the 
ventral valve, cardinal process prominent. Brachial skeleton spiral, 
the apices of the spires directed laterally. Devonian. Ex. V. 
gryphut. 
'' AthyriB. Shell biconvei, with transversely elliptical or sub- 
circular outline, and a median sinus. Surface often with concentric 
growth-lines produced into lamellte. Hinge-line curved. Ventral 
umbo small, incurved, usually conceahng the foramen and del- 
tidium ; with prominent teeth supported by dental platea ; four 
muscular impressions. Dorsal valve with a tube from the interior 
of the valve opening at the hinge. Brachial skeleton consisting of 
two spires joined by a band; the apices of the spires pointing 
laterally. Devonian and Carboniferous. Ei. A. concentrica, De- 

Atrypa (flg. 76). Shell aub-circular, biconvei, ornamented with 
radiating ribs, often crossed by well-marked lines of growth. Ventral 
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Fia. 76. Atrypa reticularU, Wenlock Limestone. A, dorsal valve ehow- 
ing brachial skeleton. B, interior of ventral valve, a, impresBionB 
of adductor musolea; c, divaricator muscles; p, muscles of peduncle ; 
0, genital impreseioD ; d, deltidiam. (From Woodward,) Natural 

valvedepressed in front; dorsal valve often muohiuSated. Hinge-line 
curved; no area. A small circular foramen, and a small deltidium. 
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Ventral valve with two strong cremilate teeth ; muscular impreHsions 
grouped at the centre of the valve. Brachial skeleton in the form of 
two apirala with their apices directed toward the centre of the dorsal 
valve ; the two spirea joined by a band near the umbo. Ordovician , 
to Trias. Ex. A. reticutarU, Wenlcxik Lime-stone. 




A B 

Fia. 77. Bkynchonella {Bemithyrie) piittacea, Beoent A, interior at 
ventral ; B, interior of darKal vnlve. /, foramen ; tl, deltidinm ; 1, 
teeth; a. adductor impreeaionB ; r, divaricator impresBtons ; p, pe- 
duncular impress! oa 8 ; o. genital impresBions ; I', dental Booliets; 
c, brachial skeleton ; i, aeptum. (From Woodward.) Natural Bize. 

^ Rhynchonella (figs. 77, 78). Shell triangular, elongated or 



A B 

Fio. 78. Rhynciumella {Pugnax) acuminata, Carhoniferoua Limestone. 
Internal caste. A, Ventral valve. B, Dorsal valve^t^)"^ posterior 
part of ventral. V, 'vascular' impressions; 0, genital impressiona; 
A, adductors ; B, divaricatora ; P, muscles of the peduncle. (From 
Woodward.) Natural size. 

rounded, very conves, not perforated by oanala, usually ornamented 
with radiating riba. Usually a sinus on the ventral valve and a 
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corresponding ridge on the dorsal. Umbo small, acute, incurved; 
foramen usually enclosed by the deltidium. Ventral valve with two 
strong teeth, muscular impression in middle of valve. Brachial 
skeleton reduced to two short, free, curved lamellae. Ordovician^ to 
present day. Ex. K cynocephala and R, {AcanthothyrU) spinosa. 
Inferior Oolite; E, plicatilis, Upper Chalk; R, psittacea, Pliocene 
and Recent. Acanthothyris is a sub-genus, including forms which 
have the shell covered with spines ; chiefly Jurassic. 

> Terebratula (figs. 63, 79). Shell biconvex; oval, elongate, 

or roimded; surface nearly always 

smooth ; often with two folds on the 

dorsal valve and two corresponding 

sinuses on the ventral. Hinge-line 

curved. Umbo of ventral valve trun- I / 

cated by a circular foramen, having 

a deltidium at its base. Brachial 

skeleton in the form of a short 

, J. J- 1 T_ i. XL- J -Ficj- 79. Terebratula ILiothyris) 

loop extendmg only about a third ^^^^^^^ j^^^t Interior of 

the length of the shell. Jurassic dorsal valve, showing the bra- 
to present day. Ex. T, mcuvillata, ^^^^ skeleton. (From Wood- 
Inferior and Great Oolite. 

IHelasma (Devonian to Permian) and Coenothyris (Trias) are 
distinguished from the Terebratvlce of Jurassic and later formations 
mainly by the possession of well-developed dental plates. Ex. 
Dielamia haatatum^ Carboniferous; Coenothyt^ vulgaris^ Trias. 

Magellania (= Waldheimia) (fig. 65). Distinguished from 
TerehratvZa by the longer brachial loop,- extending to at. least half 
the length of the shell, and by a median septum in the dorsal valve, 
which is, however, sometimes rudimentary. The shell may be 
smooth, or with folds, or radially ribbed. Lias to present day. 
Ex. M. Jlavescens, Recent ; M, comuta, Lias ; M. impressa, Oxford 
Clay. 

Magellania, as defined above, includes a large number of species 
which have been divided into several groups; by some authors 
these divisions are regarded as genera or sub-genera, some of the 

^ The PalsBozoio species differ in several respects from the later ones 
and are regarded by some authors as belonging to other genera. 
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more important being: — Ewiesia (ex. E. eardium. Great Oolite); 
Zeitleria (ex. Z. comnta, Lias) ; Microthyris (ei. if. lagenalis, Com- 

Terebratullna (fig. so). Form aimilar to TerebratKla. Orna- 
meoted witli fine radiating ribs. 
Umbo abort, foramen lai^e, delti- 
dium BmalL Two ear-like processes 
at the sides of tbe dorsal umbo. 
Brachial loop short, with a ring 
formed b^ a band between the two 
branches. Jurassic to present day. 
Ex. T. itriata. Chalk. 

Stringocephalus (fig. 81). 
Shell smooth, nearly circular in 
outline. Ventral valve with a sharp 
prominent umbo ; area present. 
Foramen lat^e in young individuals, 
but smaller and oval in the adult 




Fia. SO. TerebTalulina caput- 
itrpentii. Interioi of dorsal 
vaiye. Becent. (From Wood- 
ward.) x2. 



1 account of the development of 
the deltidium. Teeth large. Ventral valve with a median 




A B 

Fio. 81. Stringocephabu iurlini, Devonian. A, Dorsal valve. B, Profile. 
a, addaotor ; e, orura ; I, loop ; j, caidiiial process ; p, hinge-plate ; 
a, dorsal neptDin; vi, ventral septum; t, dented sookets. (From 
Woodward.) x^. 
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{v8\ which extends from the umbo ahnost to the front of the valve, 
and increases in height towards the latter. Dorsal valve less con- 
vex, with a small septum («), and a long slightly curved cardinal 
process {j\ divided at its extremity to embrace the ventral septum. 
The brachial skeleton consists of two branches arising from the 
hinge-plate (^), which pass to the middle of the shell (c) and are 
then sharply bent back and form a ribbon (l) parallel to the 
margin of the valve. Devonian. Ex. S, hurtini. 



Distribution of the Brachiopoda. 

The Brachiopods are all marine, and are found in all 
parts of the world; at the present time they are much 
less numerous than in former periods of the earth's history, 
there being only about 120 living species. Many forms 
occur more abundantly where the sea-bottom is rocky, or 
stony, or formed of corals, than where it is soft or muddy ; 
frequently they are much localised, being found in enor- 
mous numbers at one spot, whilst, in the adjoining areas, 
they are sparsely distributed. About half of the existing 
species are found at depths of less than 100 fathoms, and 
several of these do not extend beyond this limit. Below 
150 fathoms ^hey soon become comparatively rare, but a 
few species (e.g. Terebratulina wyvillei) occur down to 
2900 fathoms. Some genera, as for instance Lingula, do 
not occur below a depth of a few fathoms. In the 
Littoral zone (see p. 238) Brachiopods are less numerous 
than elsewhere, only 17 species occurring in it. The 
Laminarian zone contains 46 species, of which 15 (in- 
cluding 5 species of Lingula) are confined to it. In the 
zone of NuUipores there are rather fewer forms than in 
the preceding one. The zone of Brachiopods and Corals 
is, as its name suggests, the richest in Brachiopods, con- 
taining no less than 58 species or varieties. In the Abyssal 
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zone 30 species have been dredged, but the greater number 
come from the upper part of the zone ; the Inarticulata are 
poorly represented here. Geographically, the Brachiopoda 
which live in comparatively shallow water are distributed 
in provinces, agreeing generally with the MoUuscan pro- 
vinces (p. 237). These are characterised by the presence or 
abundance of certain species, and are determined mainly 
by climate. With one or two exceptions all the species 
found in the Northern Hemisphere are distinct from those 
in the Southern. Amongst the forms limited to the cold 
northern regions may be mentioned Rhynchonella psittacea 
and Magellania septigera, whilst R, nigricans and M. 
venosa are found only in cold southern regions. A few 
species, as for example Terebratulina caput-serpentis, have 
a very wide geographical distribution, extending from polar 
to tropical regions, and also have a great range in depth, 
the form mentioned being found from the shore-line down 
to 1180 fathoms. 

The species confined to shallow water have generally 
a much more limited geographical range than those 
found in deeper water; and the polar or boreal species 
have a wider range than the tropical, since they can 
find the same temperature in lower latitudes at greater 
depths. 

The Brachiopods are very abundant as fossils, especi- 
ally in the Palaeozoic formations. The earliest forms 
occur in the Lower Cambrian (Olenellus Beds) ; it is 
remarkable that in this division in North America no 
less than thirteen genera are represented, of which Lin- 
gulella, Iphidea, Kutorgina, Oholella, and Orthis may be 
mentioned. In the Ordovician System the Brachiopods 
are much more numerous than in the Cambrian, and they 
attain their maximum in the Silurian ; their decline 

w. p. 12 
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begins with the Devonian and becomes especially marked 
in the Mesozoic period. 

The chief genera met with in the diflferent systems 
are: — 

Cambrian. lAngula^ lAngulella, Kutorgina, Obolella, ^Disdna^ 
and Orthis, 

Ordovician. Lingvla, Orthis^ Strophomena^ and Leptcena, 

Silurian. lAngula^ Orbtculoidea, Atiypa, Orthis, Meristina, 
SpirifeTy Rhynchonella^^ Pentamerus, Leptoena, Strophomenay and 
Chonetes, 

Devonian. Uncites, StnngocephaltiSf Atrypa^ Orthis, and Spi- 
rifer. 

Carboniferous. Lingular Orhiculmdea^ Chonetes^ AthyrU^ OrthiSy 
SpirifeTy Productu%y Dielasmay and Rhynchonella\ Spirifer and 
Prodiuitus are particularly abimdant. 

Permian. Productv^Sy Strophcdoda, SpirifeTy and Rhynchonella. 

Mesozoic. Most of the important Palaeozoic genera die out 
before the commencement of the Mesozoic. This period is remark- 
able for the extraordinary abundance of Terehratiday Magelluniay 
and Bhynchonella, Other genera which occur are Lingvlay Craniay 
Thecidiwnvy Terehratulina, and Terehratella — the last two are common 
in the Cretaceous, where Magas and Kingena also occur. Ko- 
ninchina is confined to the Trias. Spiriferina is found in the Trias 
and Lias. 

Tertiary. Brachiopods are very poorly represented ; the follow- 
ing forms occur, but are not common : — Lingulay Terehratiday Tere- 
brattdinay and Magellania — all of these have living representatives. 
Other hving forms are Megatkyris { = Argiope)y Thecidiunfiy Craniay 
Discinay Disciniscay etc. 

^ See note on p. 174. 
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Sub-Classes, Orders, Sub-Orders, 

' 1. Pbylactolaama. 

/ 1. Cyclostomata. 

2. GymnolaBma g. Cheilostomata. 

. 3. Ctenostomata. 



1. Ectoprocta. 



2. Entoprocta. 

With the exception of the genus Loxosoma all the 
Polyzoa are colonial animals, numerous individuals living 
in association. The colony is nearly always fixed, and may 
be arborescent, laminar, almost massive, or encrusting 
shells, stones, or plants. The entire colony is known as 
the zoarium; each individual (fig. 82-4) has a sac-like 
form ; at the upper end there is a platform or disc, the 
lophophore, on which tentacles {t) are placed, arranged 
either in a circle or in the form of a horse-shoe. In most 
forms the tentacles are not contractile, but are provided 
with cilia, which produce a current of water that conveys 
food to the mouth (o). The anal aperture (a) is near the 
mouth, generally below the lophophore, but in some forms 
within the circle of tentacles. On account of this approxi- 
mation of the mouth and anus the alimentary canal is 
bent into a U-shape ; in it may be distinguished oesophagus 
{(Bs), stomach (si), and intestine {int). Between the ali- 

^ The name Bryozoa is used for this class by many authors. 

12—2 



mentary canal and the body- wall is a spacious body-cavity. 

The nervous system consists of a single ganglion (jr) placed 



Fio. 83. A, Diftgram of the Btraotare of a single Polj^oan individual. 
I, bodj-vtll; t. tentacles; o, moutb; i^, ffiBophagas; it, Btomach; 
int, intestine; a, anas; g, ganglion; /, fnniculas; ov, ovary; ip, 
teBtie. £, ATicnlariam of £uirula, enlarged, i, beak; irui, mandible; 
C, ohamber) p, pedtiucle; am, ocdasor mnscles; dm, divaricator 
muBoIes. (After Hinoka, Brit. Mar. Folyzoa.] 

on the side of the oesophagus facing the intestine. The 
polyzoa multiply by budding and sexually, and are gene- 
rally hermaphrodite. Heart and blood-vessels are absent. 
The structures described above form together what 
is known as the polypide ; this is contained in the body- 
wall or zowcium. The outer layer of the zocscium, known 
as the ectocyst, generally becomes hardened by calcareous 
or chitinous matter, and after the death of the animal this 
alone remains; its surface is usually ornamented with 
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ribs, etc. The anterior part of the polypide can be 
withdrawn by means of longitudinal muscles into the 
zooecium, just as the finger of a glove can be pulled 
into the hand. In some Polyzoa (the Cyclostomata, 
fig. 83 B) the zooecium is tube-like, the aperture is at the 



F:o. 63. A, Portion oF Smittia landiborovi, a CheilostomatoiiB Polyzoan, 
Beceut. o, oteoinm; m, aperture of the cell; a, ftvionlariom. B, 
Portion ot Tvbulipora fimbria, a CjcloBtomatoDB Poljzoan, Recent. 
Enlarged. 

end and is of the same diameter, or nearly so, as the rest 
of the tube. In others (the Cheilostomata, fig. 83 A) 
the zooecium is more or less oval, the aperture (m) is 
contracted and is not terminal, but is situated in Iront 
near the anterior end, and is provided with a movable lid 
or operculum. In many of the Cheilostomata there is at 
the anterior end of the zocecium, above the aperture, a 
projecting chamber (o), termed the orecium, into which the 
ova pass. In many forms of Cheilostomata some of the 
individuals are modified so as to form appendages termed 
avicularia and vibracula, but these are rarely preserved 
fossil. The avicularium (fig. 82 B) may be sessile or placed 
on a peduncle (p), and in the more speciahzed forms has 
somewhat the appearance of a bird's head, consisting of 
a chamber {G) produced into a beak and provided with 
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a mandible (md) which is kept constantly snapping by 
means of muscles in the chamber. The vibraculum 
consists of a long seta kept in motion by means of 
muscles at its base. The individuals of a colony may 
communicate with one another, either directly, or by 
means of communication-plates ; these are portions of the 
zooecium which are thinner and perforated. The surface 
of the zocecium may be smooth or punctate, or ornamented 
with spines, granules, or ribs. 

The Polyzoa are divided into two sub-classes, (1) 
Ectoprocta, (2) Entoprocta. The Ectoprocta only are 
found fossil. 

SUB-CLASS I. ECTOPROCTA. 

The anal aperture is not situated within the area of 
the lophophore. There are two orders, (1) Phylactolsema, 
(2) Gymnolaema. 

ORDER I. PHYLACTOL^MA. 

The lophophore is horse-shoe shaped. There is a 
tongue-shaped lip in front of the mouth, known as the 
epistome. The forms included in this order are found 
only in fresh-water and do not occur fossil. 

ORDER II. GYMNOL^MA. 

The lophophore is circular, and there is no epistome. 
There are three sub-orders, (1) Cyclostomata, (2) Cheilo- 
stomata, (3) Ctenostomata. The last is not known in the 
fossil state. 

SUB-ORDER I. CYCLOSTOMATA. 

The zooecia are calcareous and tubular, their apertures 
are round and terminal, not constricted and not provided 
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with opercula. Vibracula are absent, and generally also 
avicularia and ooecia. 

Berenicea. Zoarium a thin, flat, encrusting sheet — discoid, 
fan-shaped, or irregular. Zooecia simple, tubular, arranged in irregu- 
larly alternating lines. Ordovician to present day — common in the 
Jurassic and Cretaceous. Ex. B. dilwdana^ Lias to Oxfordian. 

Diastopora. Similar to Berenicea^ but with erect, leaf-Uke 
zoarium, which may be simple or divided, or convoluted. Chiefly 
Jurassic and Cretaceous. Ex. D. foliacea^ Bajocian and Bathonian. 

HaploCBCia. Zoarium erect, dendroid; branches consisting 
of solid bundles of zooecia, which are short and angular in form, 
with small orifices arranged either lineally or quincuncially. Jurassic. 
Ex. H, straminea^ Bathonian. 

Fenestella. Zoarium funnel-shaped or fan-shaped. Branches 
straight, united by cross-bars, so as to form a network. The cross- 
bars do not bear zooecia. On each branch there is a median ridge or 
carina, on the sides of which the zooecia occur. Openings of zooecia 
round. Ordovician to Permian. Ex. F, plebeia, Carboniferous. 

Theonoa {^Fasdcvlaria), Zoarium large, generally massive 
and globose. Zooecia in the form of long tubes, with horizontal 
tabulae, in contact laterally, and forming bundles which are either 
distinct and radiate from the base to the periphery, or fuse into 
laminde which intersect. Jurassic to Pliocene. Ex. T. aurantvu/m. 
Coralline Crag. 

SUB-ORDER II. CHEILOSTOMATA. 

The zooecia are calcareous and more or less oval, never 
tubular; their apertures are contracted and provided with 
a movable operculum. Avicularia, vibracula, and ooecia 
are often present. 

IiUnulites. Zoarium free, circular, the upper (celluliferous) 
surface convex, the lower surface concave or flat. Zooecia arranged in 
radiating series, between which are small, elongate, vibracular cells. 
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Zocecia with elevated borders; orifices round or semi-elliptical. 
Cretaceous to present day. Ex. L. goldfy^d^ Chalk. 

Membranipora. Zoarium encrusting, generally irregular in 
form. Zocecia quincuncial, or arranged irregularly, their margins 
raised, the anterior part depressed and more or less membranous. 
Chalk to present day. Ex. M, hidensy Coralline Crag. 

A third sub-order of the Gymnolsema, named Treposto- 
mata, has been introduced by Ulrich to include Palaeozoic 
forms (Monticulipora, Heterotrypa, Callopora, Batostoma, 
etc.), which by some writers are regarded as Alcyonaria 
(see p. 91). A few Jurassic forms have also been referred 
to this sub-order by Gregory. The zoarium in the Trepo- 
stomata consists of sheets or masses formed of prismatic or 
cylindrical zocecia placed parallel to one another and 
divided by diaphragms. The zocecia may be in contact 
with one another or separated by smaller cells or vesicles. 

Distribution of the Polyzoa, 

By far the larger number of the Polyzoa are marine ; 
they occur both in shallow and deep water. The deep- 
water forms belong mainly to the Cheilostomata ; a few 
Ctenostomata occur at considerable depths, but the group 
is characteristic of shallow water. The Cyclostomata are 
comparatively rare at the present day, except in the 
Northern seas. 

The earliest Polyzoa occur in the Ordovician rocks. 
Nearly all the Palaeozoic genera are extinct ; they belong 
mainly to the Cyclostomata. A few Cheilostomata have 
been recorded from the Jurassic rocks, but the group 
does not become abundant until the Cretaceous period; 
in the Tertiary it is better represented than the Cycle- 
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stomata. Very many of the Pliocene forms belong to 
species which are still living. 

The chief genera found in the Palaeozoic rocks are 
Archimedes, Fenestella, Hemitrypa, Pinnatopora, Polypora, 
Ptilodictya, and Thamniscus', in the Jurassic, Berenicea, 
Didstopora, Entalophora, Haplocecia, Idmonea, Proboscina, 
Spiropora, and Stomatopora ; in the Cretaceous, Geriopora, 
Crisina, Didstopord, Heteroporay LunuLites, Membranipora, 
Probosdnaj Spiropora, and Stomatopora; in the Eocene, 
Homera, Idmonea, and Membranipora; in the Pliocene, 
Cellepora, Homera, Lepralia, Membranipora, Onychocella, 
and Theonoa. 



PHYLUM MOLLUSCA. 



Classes, 

1. Lamellibranchia. 

2. Gasteropoda 



3. Scapbopoda. 



Sub-Classes. 



1. Isopleura. 



,2. Anisopleura. 



Orders 



4 . Cephalopoda J 



Orders. 

1. Tetrabranchia. 

2. Dibranchia ... 



1. Streptoneura 
(Prosobranchia) . 

2. Euthyneura. 



{i 



Sub-Orders. 
1. Nautiloidea. 
Ammonoidea. 



1. Decapoda. 
Octopoda. 



The majority of the molluscs (oysters, whelks, cuttlefish, 
etc.) are marine, but some live on land, others in fi'esh- 
water. Unlike the worms and arthropods, they are 
unsegmented animals, and they bear no serially repeated 
appendages. Typically the body is bilaterally symmetrical, 
and there is consequently a repetition of the same organs 
on each side ; but in most gasteropods this symmetry is 
more or less completely lost. From the dorsal surface there 
is a fold of the skin forming what is known as the mantle ; 
this generally secretes a calcareous shell, consisting of one 
or two (occasionally more) pieces. On the ventral surface 



x. 



\ 



MOLLUSCA. LAMELLIBRANCHIA. 187 

of the body is the foot — a muscular organ used in locomo- 
tion. In most cases respiration takes place by means of 
gills, which are placed in the cavity enclosed by the 
mantle. A heart is present, and is placed on the dorsal 
surface ; it consists usually of a ventricle and two auricles. 
The mouth is situated anteriorly, and, except in the 
lamellibranchs, is provided with a rasping organ, the 
odontophore; the anus, in typical forms, is placed posteriorly. 
Renal organs (nephridia) are present and place a part of 
the body-cavity in communication with the exterior. The 
nervous system consists of a ring round the oesophagus, 
and usually of three main groups of ganglia, from which 
nerves are given off. Sexual reproduction only occurs; 
most forms are unisexual, a few hermaphrodite. 

The MoUusca are divided into four classes : — (1) 
Lamellibranchia, (2) Gasteropoda, (3) Scaphopoda, (4) 
Cephalopoda. 

CLASS I. LAMELLIBRANCHIA. 

In the lamellibranch, as in the brachiopod, the shell is 
generally calcareous and consists of two valves, but these 
instead of being dorsal and ventral as in the latter, are 
placed one on the right, the other on the left side of the 
body, and the two are joined together by means of a hinge 
and a ligament a,t the dorsal margin. The interior of 
the shell is lined by a fold of the skin, the mantle (fig. 84, 
m), which is divided into two lobes, one being placed in 
each valve. In the middle of the space enclosed by the 
mantle (the mantle-cavity) is the foot (/). This is a 
laterally flattened muscular organ, frequently hatchet-^ 
or ploughshare-shaped, and is used for crawling, or for 

^ Hence the name Pelecypoda used by some authors for this class. 
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burrowing in sand ot mud. Sometimea, as in the case of 
Trigonia, by means of a rapid movement, it enables the 



Fio. 84. Mya arenaria. The left valve and mautle and half the siphons 
have been removed, a, anterior addactor muscle; a', posterior 
adductor; [i, visceral mass; e, cloaca) chamber into which the anna 
opens; /, foot; g, branchice; A, heart; m, cat edge of the mantle; 
0, mouth ; p, edge of mantle ; », branchial siphon ; (', anal siphon ; 
t, labial palps ; t>, anas. (From Woodward.) 
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animal to jump to a considerable distance. In the genus 
Mytilus the foot is very much reduced ; in others which 
have lost the power of locomotion {e,g, Ostrea) it is absent 
altogether. On the posterior part of the foot there is in 
some genera {e.g, Mytilus, Avicula, Area) a gland which 
secretes a bundle of homy fibres, known as the hys&uSy by 
means of which the animal moors itself to foreign objects. 
On each side of the foot, between it and the mantle, and 
attached to the body dorsally, are the gills or branchiae 
(fig. 84, g) ; these consist of filaments which usually be- 
come connected so as to form leaf- or plate-like bodies, 
whence the name Lamellibranchia. 

In some forms, the margins of the two mantle-lobes 
although in contact are not united, and when this is the 
case there are usually at the posterior margin two 
openings leading fi-om the exterior to the mantle-cavity; 
these are produced by adjoining excavations- or notches in 
the two lobes of the mantle. A current of water, caused 
by the cilia on the gills and mantle, flows in through the 
ventral opening, and provides the animal with food and 
oxygen; another current flows out through the dorsal 
opening, carrying with it faecal matters. In many cases, 
however, the two lobes of the mantle are fused at one or 
more points; this union occurs between the exhalent 
and inhalent openings, and also, in many forms, below 
the latter opening. In this way the mantle becomes a 
kind of bag, having three openings, a ventral for the 
protrusion of the foot, and two posterior for the inhalent 
and exhalent currents of water. Frequently, at the 
posterior openings, the mantle is greatly produced so as 
to form two complete tubes, known as siphons (fig. 84, s, 
s*)\ these are sometimes fi:ee, sometimes united, and may 
be as much as four times the length of the shell. The 
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ventral is generally the longer ; it is furnished with tactile 
papillae, and is known as the branchial siphon (5), the 
dorsal being the anal siphon (5'). In many forms the 
siphons can be withdrawn into the shell by means of 
muscles. Occasionally, as in Teredo, the siphons are 
surrounded by a calcareous tube. 

The two valves of the shell can be closed by means of 
the adductor muscles (a, a'), which pass from the interior 
of one valve to the other. In many genera there are two 
adductors, and these forms are frequently spoken of as the 
Dimyaria ; others, known as the Monomyaria, possess one 
adductor only, and when this is the case it is the posterior 
which is present, the anterior having atrophied; this 
occurs in the oyster, but in this, and in all other forms 
so far as is known, the anterior muscle is present in the 
young state. 

In the lamellibranchs there is no head, hence the class 
is sometimes spoken of as the Acephala. The mouth (0) 
is placed in the middle line of the body, ventral to the 
anterior adductor muscle, and is not provided with organs 
of mastication. At each side are two leaf-like processes, 
the labial palps {t). The mouth leads into a short oeso- 
phagus, which passes into a globular stomach surrounded 
by the liver; next is the intestine, which, after under- 
going many convolutions, reaches the dorsal surface of 
the body, where it passes through the pericardium and 
is surrounded by the ventricle of the heart. The anus 
{v) is situated dorsally to the posterior adductor muscle. 
The nervous system usually consists of three pairs of 
ganglia. One pair is placed at the sides of the mouth and 
is connected by nerve-cords with a pair in the foot, and 
with a third pair placed beneath the posterior adductor 
muscle. From these ganglia nerves are given oflf to the 
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muscles, gills, etc. Tactile organs are present on <iie 
margin of the mantle and especially on the ventral siphon. 
In some forms eyes occur at the ventral margin of the 
mantle-lobes ; they are especially well -developed in the 
genus Pecten. The heart (h) is placed dorsally, just below 
the hinge, and is surrounded by a large pericardial cavity; 
it consists of two auricles, and a ventricle, which, as 
already mentioned, extends round the intestine. The 
renal organs consist of a pair of glandular tubes under- 
neath the pericardium. In almost all cases the sexes are 
separate, but a few forms are hermaphrodite. 

As already mentioned, the two valves of the shell are 
placed on the sides of the animal. The margin near the 
hinge (fig. 85, d) is dorsal, the opposite (v), where the 




o. 35. Mtretrix { = Cylherta) ekione, Becent. A, dorsal view o! the 
two valves. B, iuterior of left valve, x J. 

a, anterior border ; p, posterior ; d, doraal ; w, ventral ; lit, 
lanule; u, umbo; I, ligament; aa, anterior adductor impression; 
pa, posterior adductor; pi, pallJal line; >, pallial ainus; w, x, y, 
cardioal teeth ; ;, anterior-lateral tooth. 



valves open, is ventral ; that near the mouth is anterior (a), 
that near the anus and siphons posterior {p). In the 
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majority of cases the two valves are equal or almost equal 
in size, and each valve is generally inequilateral. But in 
some {e.g, Pectunculus) the shell is nearly equilateral, in 
others (e.g. Ostrea) it is inequivalve. Each valve may be 
regarded as a greatly depressed hollow cone, the apices of 
which form the umbones (fig. 85 ^, u); these are some- 
times straight (e.g. Pecten), but generally curved towards 
the anterior margin ; in a few genera (e.g. Nucula, Tri- 
goniay Exogyra) they are directed posteriorly ; in Diceras 
they are spiral. There is sometimes in front of the 
umbones and bounded by a groove an oval depressed area 
(In), half on each valve ; this is termed the lunule, and it 
is important to remember that it is anterior to the 
umbones. Behind the umbones there is sometimes a 
somewhat similar, but larger, area, known as the escutcheon. 
In the interior of the valves various markings may be 
noticed (fig. 85 B), these are produced by the union of 
the muscles with the shell. The adductors form oval, 
round, or sometimes elongated depressions (the adductor 
impressions, da, pa); in the Dimyaria there are two in 
each valve, one being near the anterior border, the other 
near the posterior ; in the Monomyaria the single adductor 
impression is usually near the middle of the valve. When, 
as in the genus Mya, etc., the two muscles are placed at 
equal distances from the hinge-margin, they arei of the 
same size, since they are equally eflScient in closing the 
valves ; but in forms like Mytilus, where the shell is very 
inequilateral and the anterior muscle is close to the umbo 
but the posterior at a considerable distance fi^om it, the 
latter is much larger than the former, since it is placed in 
a more advantageous position for closing the valves. For 
the same reason the single muscle of the Monomyaria is 
attached near the centre of the valves. Less important 
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than the adductor impressions are those produced by the 
muscles for the movement of the foot (protractors and 
retractors) ; these occur close to the anterior and posterior 
adductors. Passing from one adductor impression to the 
other in each valve is a linear depression, the pallial line 
(pi) ; this is caused by the attachment of the muscles of 
the mantle to the shell. In some forms this line runs 
evenly between the two adductor impressions and parallel 
with the margin of the valve ; it is then said to be simple 
or entire. But in those genera which possess retractile 
siphons there is a bending in of the pallial line just before 
reaching the posterior adductor ; this indentation is known 
as the pallial sinus (s), and is caused by a part of the pallial 
muscles which serve for the retraction of the siphons. 

The hinge is formed by projections known as teeth, 
which alternate in the two valves, the teeth of one valve 
fitting into the depressions between those of the other. 
Several tjrpes of hinge may be recognised : — (1) taxodont, 
in which the teeth are numerous and similar in form and 
size, e.g. Nucula (fig. 86 -4) : (2) heterodont, in which the 
teeth are few in number and not all of uniform shape and 
size; some are placed immediately under the umbo and 
are known as the cardinal teeth (fig. 86 F), others, termed 
laterals, are placed in fi^ont of and behind the umbo, form- 
ing the anterior- and posterior-laterals ; some or all of the 
cardinals or of the laterals may be absent : (3) schizodont, 
in which the teeth are few in number, very thick, and 
sometimes grooved, e.ff, Trigonia (fig. 86 -B, C) : (4) isodont, 
in which there are two strong teeth of equal size in each 
valve, which fit into corresponding sockets in the other valve, 
e,g. Spondylus (fig. S6 D, E): (5) desmodont, in which the 
teeth are represented by one or more prominent processes 
developed in connexion with the ligament, e,g, Mya : (6) 
w. p. 13 
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in a few genera {e,g, Ostrea, Anodonta) there are no teeth ; 
in some forms this is a primitive character, in others it is 
the result of degeneration. 

The margin of the valve on which the teeth occur is 
known as the hinge-line \ generally it is curved, but in 
some genera like Area it is straight. Sometimes {e,g. 
Area) there is on each valve, between the hinge-line and 
the umbo, a flattened triangular part of the shell, known 
as the area] when this is present the umbones of the 
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Fig. 86. Some types of hinge. A^ Nucula. a, anterior adductor; 
6, posterior adductor; Z, ligament-pit. jB, 0, Trigonia. JB, right 
valve with two large striated teeth; 0, left valve with three teeth. 
D, Ey Spondylus; D, left valve; E^ right valve; a, 6, teeth; c, d, 
sockets into which the teeth fit ; €, area ; I, ligament-pit. F, Lucina 
(right valve); a, anterior-lateral tooth; &, cardinal; c, posterior- 
lateral ; Ij ligament. G, Lutraria (left valve) ; a, strong A-shaped 
cardinal tooth; Z, process to which the ligament is ^tt^ched^ AX\ 
drawn from recent specimens « 
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two valves are of course widely separated. Some lamelli- 
branchs (e,g, Pecten) have, on each side of the umbo, tri- 
angular or wing-like extensions of the shell, known as ears. 

In the brachiopods the valves are opened by di- 
varicator muscles, but in the lamellibranchs the work of 
these muscles is performed by the ligament. This con- 
sists of two parts, the external (fig. 85, I), and the internal 
(sometimes erroneously termed the cartilage). One or 
other may be absent. The external ligament is composed 
of homy material ; it is usually placed either under the 
umbones or posterior to them, and is fi^equently attached 
to more or less prominent ridges. The internal ligament 
consists of parallel elastic fibres, and is placed in gi'ooves 
or sockets along the hinge-line, so that when the valves 
are closed it is compressed, and, being elastic, tends to 
force the valves apart — its action is similar to that of 
a piece of indiarubber placed in the hinge-line of a door. 
The external ligament acts like a C-spring, and is bent 
when the valves are closed. Consequently, in order to 
open the shell, the animal has merely to relax its adductor 
muscles. Occasionally the ligament is preserved in fossil 
specimens. 

The length of a lamellibranch shell is measured jfrom 
the anterior to the posterior margin (fig. 85 By a — p), the 
breadth or height from the umbo to the ventral margin 
(d — v), the thickness fi^om one valve to the other at right 
angles to the lines of length and breadth. 

The shell is secreted by the mantle; its structure 
varies in different groups. Commonly it consists of two 
calcareous layers ; the inner is the pearly or naxyreous 
layer, and is formed of numerous thin lamellae ; the outer 
is the prismatic layer (fig. 87), and is composed of prisms 
placed at right angles to the surface of the shell, each 

13—2 
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prism being encased in a thin membranous sheath, which 
can be isolated by dissolving the calcareous part of the 
shell in acid. The external surface is covered by a green 
or brownish homy layer, the perivstrcLCum (fi^uently 
referred to as the 'epidermis'). The prismatic layer is 
formed by the margin of the mantle only; the pearly 
layer by the general surface of the mantle, and this layer 
gradually encroaches on the former, which consequently 
cannot afterwards increase in thickness, whereas the pearly 
layer may do so throughout the life of the animal. The 
pearly layer is absent in some forms, and the prismatic 
structure of the outer layer may be indistinct or altogether 
wanting, and this layer has then a porcellanous appear- 
ance. Sometimes the shell consists entirely of aragonite 
or of calcite ; in other cases one layer may be of calcite 
and the other of aragonite. 

The surface of the shell may be smooth, or may be 
ornamented with radiating or concentric ribs, with striae, 
knobs, or spines. Often the 
exterior shows concentric lam- 
ellae, which represent periods 
of growth. The part of the 
shell at the umbo is that 
which was first formed, and 
it often differs in ornamenta- 
tion and form from the other 
parts. The margins of the 
valves may be smooth or 
crenulated ; sometimes, as in 
some species of Pecten, the 
entire shell is corrugated, thus 
increasing its strength with- 
out materially adding to the weight. In many genera the 




Fia. 87. Section of prismatic 
layer of recent Pinnae parallel 
to the surface of the shell and 
at right angles to the prisms. 
Magnified. 
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two valves can be completely closed, in others they are 
always open at some part, and are then said to be gaping ; 
this gape occurs most frequently at the posterior end, but 
sometimes also anteriorly. Sometimes the small embry- 
onic shell, known as the prudissoconch, is found at the 
umbo of the adult shell ; this represents the protegulum 
of the Brachiopods (p. 162) and the protoconch of the 
Gasteropods and Cephalopods (p. 246). 

In order to be able to distinguish the right and left 
valves we must determine first the anterior and posterior 
margins. When the soft parts of the animal are present 
this is easily done ; but when the shell only is before the 
observer the points to be noticed are the following : — 

(1) The umbones are generally directed anteriorly. 

(2) The lunule is anterior to the umbones. 

(3) The external ligament is never entirely anterior 

to the umbones. 

(4) The pallial sinus is posterior. 

(5) When one adductor impression only is present, it 

is the posterior. 

(6) When one adductor impression is distinctly larger 

than the other, the larger is the posterior. 

Having found the anterior and posterior margins, the 
shell should be placed with the dorsal surface uppermost 
and the anterior margin pointing away fi'om the observer, 
then the right and left valves will be on his right- and left- 
hand sides respectively. 

Most of the lamellibranchs are free, but a few forms, 
such as the oyster, are permanently attached by one valve, 
which is fused to a rock or some other object. In some 
cases the right valve is fixed, in others the left. The shell 
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in these forms becomes irregular and the fixed valve 
is larger and thicker than the fi^ee valve. Other genera 
are attached by means of a byssus (p. 189), which often 
passes out through a notch or sinus in the margin of one 
or both valves. In the free forms, movement takes place 
usually by means of the foot, but some genera (Pecten, 
Lima) move by the rapid opening and shutting of the 
valves. A few are capable of making borings into various 
substances ; thus Teredo, the ship-worm, bores into wood, 
Lithodomus and Saxicava into limestone, and Pholas into 
various materials, such as sandstone, limestone, gneiss, 
peat, and amber. Wood perforated by Teredo has been 
found fossil in various formations of Eocene and Oligocene 
age. 

The features which more especially characterise the 
lamellibranchs as a class are, the absence of a head and of 
organs of mastication, the bilateral S3niimetry, the division 
of the mantle into two lobes, the bivalve shell and the 
lamellar gills. Although at first sight the shell appears 
to resemble closely that of the brachiopods, it differs 
in several important respects, namely, (1) in the valves 
being right and left, instead of dorsal and ventral, (2) in 
being generally inequilateral and equivalve, (3) in the 
occurrence of teeth on both valves, (4) in the presence of 
a ligament, (5) in the umbones never being perforated for 
a peduncle, (6) in the microscopic structure of the shell. 

Various classifications of the Lamellibranchia have been, 
from time to time, proposed. By Lamarck this class was 
divided into the Monornyaria and the Dimyaria, depending 
on the presence of one or two adductor muscles. Between 
these two groups, however, there are numerous inter- 
mediate forms in which the anterior muscle is smaller 
than the posterior ; for these a third division, the Hetero- 
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myaria, was established, but its limits are not well defined, 
and moreover, in one genus (Mytilus) it is found that 
whilst some species (e.g. M. edulis) have both muscles 
present, in the closely allied M. latus the anterior adductor 
is absent. Another classification, which has been widely 
adopted, was suggested by S. P. Woodward, and was based 
on the presence or absence of siphons; the two groups 
being termed the Siphonida and the Asiphonida; the 
former was further divided according as to whether the 
pallial line was entire {Integripalliata) or was provided 
with a sinus (Sinupalliata). Neumayr, Dall, and others 
have founded groups mainly on the character of the hinge; 
some of the chief variations in this structure have already 
been described (p. 193). The classification brought for- 
ward by Pelseneer is based on the form and structure of 
the gills ; but since this can only be applied in the case of 
genera which have living representatives, its details need 
not be given here. In the present work no division of 
the Lamellibranchia will be attempted; but the genera 
will be arranged, as far as possible, according to their 
afiinities. 

Nucula^ (fig. 86 A). Shell equi valve, trigonal or oval, closed, 
posterior side very short ; umbones directed posteriorly. Surface 
smooth or ornamented. Interior nacreous. Margins of valves 
smooth or crenulated. Hinge-line angular, with a median internal 
triangular ligament-pit, and numerous sharp teeth. Adductor im- 
pressions nearly equal. Pallial line simple. Silurian to present 
day. Ex. i\^. hammeri^ Lias ; N. dixoniy Bracklesham Beds. 

« 

Nuculana {=^Leda). Similar to Nv/yula, Posteriorly the 
shell is produced and pointed, and provided with a ridge or carina. 
Pallial line with a small sinus. Margins smooth. Lunule lanceolate. 

^ All the getiera of mollusGa described are marine unless otherwise 
stated. 
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Silurian to present day. Ex. L. lachryma. Inferior Oolite to Corn- 
brash ; L. cavdata, Pliocene to present day. 

Ctenodonta. Shell oval or elongated, nearly equilateral, 
smooth or with concentric striae. Ligament external No area. 
Hinge-line ciu-ved or angular, with numerous teeth, which are 
smaller at the centre. No internal ligament-pit. Pallial line 
simpla Cambrian to Carboniferous. Ex. C. pectuncidotdes, Ordo- 
vician. 

Area. Shell thick, generally equivalve, sub-quadrangular, 
ventricose, ornamented with radiating ribs and concentric striae; 
margins smooth or dentate ; closed or gaping ventrally. Hinge-line 
straight. Teeth numerous, equal, transverse. Umbones prominent, 
remote, separated by a lozenge-shaped area, which has numerous 
ligamental grooves converging from the hinge-margins to the um- 
bones. Adductor impressions sub-equal, the anterior rounded, the 
posterior divided. Pallial line simple. Ordovician to present day. 
Ex. A, tetragonay Pliocene to present day ; A, granosa^ Recent. 

CucuUaea. Shell similar to Area. Hinge with short central 
transverse teeth, and two to five lateral teeth nearly parallel to the 
hinge-margin. Posterior adductor fixed to a thin raised plate. 
Jiu'assic to present day. Ex. C, fibrosa^ Upper Greensand. 

PectunculUB ( = Olydmeris, Axincea). Shell thick, solid, sub- 
orbicular, equivalve, almost equilateral. Surface smooth or radially 
striated. Ligament external. Umbones central, slightly curved 
posteriorly, separated by a small triangular area provided with 
diverging grooves for the ligament. Hinge with an arched or semi- 
circular row of numerous, small, strong, transverse teeth, obliterated 
at the centre in the older forms by the growth of the area. Margins 
crenulate inside ; adductor impressions sub-equal — the anterior sub- 
triangular, the posterior oval or rounded. Pallial line with a very 
small sinus. Cretaceous to present day. Ex. P, glydnierisy Coral- 
lind Crag to present day. 

Cardiola. Shell thin, convex, oval, generally inequilateral ; 
umbones prominent, incurved. Sm-face with well-marked radiating 
and concentric grooves. Hinge-line straight, probably with very 
small teeth ; ligamental area large, horizontally grooved. Muscular 
impressions unknown. The affinities of Cardiola have not been 
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satisfactorily determined ; some authors consider that it is related 
to Cardium. Silurian and Devonian. Ex. C. interrupta, Lower 
Ludlow, etc. 

Trigonia (fig. 86 B, C). Shell thick, ornamented with rows 
of tubercles or with radiating or concentric ribs ; trigonal, very 
inequilateral, anterior margin rounded, posterior produced and 
angular. Generally with a ridge extending from the umbones to the 
posterior border, cutting off a portion which has a different orna- 
mentation. Umbones anterior, directed posteriorly. Cardinal teeth 
diverging, striated, two in the right valve, three in the leffc, the 
central tooth in the latter being bifid. Ligament marginal, thick. 
Adductor impressions deep, the anterior smaller than the poste- 
rior, and placed near the umbones. A pedal impression in front of 
the posterior adductor of each valve and also one in the umbo of 
the left valve. Pallial line simple. Interior nacreous. Lias to 
present day. Ex. T. costcUa, Inferior Oolite to Corallian ; T, cla- 
veUata^ Corallian. 

SchizodUB. Similar to Trigonia ; shell thin and smooth, 
umbones placed anteriorly. Three teeth in each valve. Adductor 
impressions shallow. Carboniferous and Permian. Ex. S, ohscurua^ 
Permian. 

Anomia. Shell thin, irregular or sub-circular, attached by 
a calcified byssus, which passes through a rounded sinus near the 
umbo of the right valve. Right valve flattened, with a central 
adductor impression ; left valve larger, convex, with three impres- 
sions of the byssal muscles and one of the adductor. Teeth absent. 
Lias to present day. Ex. A. ephippium^ Pliocene to present day. 

Modiolopsis. Shell thin, smooth, elongate, very inequilateral, 
anterior part small, posterior part enlarged. Umbones nearly 
terminal, close together ; a depression crosses the valves obUquely 
from the umbo. No teeth. Anterior adductor impression deep ; 
posterior adductor lai-ge, faintly marked. Ordovician and Silurian. 
Ex. M, modiolaris, Ordovician. 

Myoconcha. Similar to Modiolopdsy but usually with a long 
cardinal and a long slender posterior-lateral tooth in the right valve. 
Carboniferous to Chalk. Ex. M. crassa, Inferior Oolite ; M. cretacea, 
Chalk, 
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MsrtilUB. Shell equivalve, inequilateral, elongated, sub-tri- 
angular, posterior border rounded. Umbones sharp, terminal, 
anterior. Teeth small or absent. Ligament linear, marginal, sub- 
internal. Anterior adductor impression small, placed near the 
umbo ; posterior large. Trias to present day. Ex. M, sublcevts. 
Great Oolite ; M. edvlis^ Phocene to present day. 

Modiola. Shell similar to MytilvSy but oblong, inflated in 
front Umbones obtuse, anterior, but not terminal. Devonian to 
present day. Ex. M. modiolus, Recent ; M. imhricata. Inferior 
Oolite to Kellaways Rock. 

IiithodomUB ( = Lithophagus). Shell similar to Modiola ; 
sub-cylindrical, rounded in front, wedge-like behind. It bores into 
limestone etc. Carboniferous to present day. Ex. L. inclusus, 
Inferior Oohte to Corallian. 

Pinna. Shell generally thin, with coarse prismatic structure 
(fig. 87), equivalve, inequilateral, wedge-shaped, without ears. 
Umbones sharp, anterior, terminal. Valves truncate and gaping 
posteriorly. Hinge-line straight, long. No teeth. Ligament linear, 
almost entirely internal, lodged in a groove. Posterior adductor 
large, sub-central ; anterior adductor apical. Devonian to present 
day. Ex. P, harttnann% Lias ; P. affinisy London Clay. 

Conocardium. Shell more or less trigonal, very inequi- 
lateral, with radiating ribs ; posterior side short, truncated, produced 
into a long tube ; anterior side oblique, compressed, wing-hke, 
gaping. Umbones small, pointed. Hinge-hne long, straight, with 
a posterior-lateral and an indistinct cardinal tooth. Anterior 
adductor impression large, deep ; posterior impression shallow. The 
truncated end bearing the tube is regarded by some authors as 
anterior, and the wing-like end as posterior. The affinities of the 
genus have not yet been determined. Silurian to Carboniferous. 
Ex. C, hibemicum, Carboniferous Limestone. 

Gervillia. Shell obliquely elongated, very inequilateral, 
slightly inequivalve, the left valve a little more convex than the 
right ; umbones almost terminal. Hinge-line straight, broad, with 
numerous perpendicular, widely-separated ligament-pits ; its posterior 
edge with two or more obliquely-placed obscure teeth. Ears not 
very distinct from the rest of the shell, the anterior very short, the 
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posterior loDg. Posterior adductor impression large, sub-central. 
Trias to Eocene. Ex. G. anceps, Lower Greensand. 

Inoceramus. Shell variable in form, circular, oval, or oblong ; 
inequilateral, inequivalve, ventricose or compressed, with ears indis- 
tinctly limited. Umbones prominent, rather anterior. No teeth. 
Surface with concentric (or rarely radiating) grooves. Hinge-line 
straight, long, with numerous parallel, close-set, transverse ligament- 
pits. Adductor impression rarely visible. Inner layer of shell thin 
and nacreous, outer layer thick, formed of prismatic fibres. Lias to 
Chalk. Ex. /. concentricus, Gault ; /. hrongniarti^ Chalk. 

Perna. Shell nearly equivalve, inequilateral, compressed, sub- 
quadrate or sub-circular, with ears. Umbones anterior. Hinge- 
line straight, without teeth. Hinge-margin broad, with numerous 
transverse, elongated ligament-pits placed close together and parallel 
with one another. Right valve with a byssal sinus. Adductor im- 
pression large, sub-central, double. Posterior ear often large, 
anterior rudimentary. Trias to present day. Ex. P. mtUleti, Lower 
Greensand. 

Aucella. Shell thin, obliquely elongate, inequilateral, inequi- 
valve, with concentric furrows. Left valve convex, with prominent 
incurved umbo, and very small anterior ear. Right valve flattened, 
with obscure ears. Hinge-line straight, short, without teeth. 
Ligament external. Upper Jurassic and Lower Cretaceous. Ex. 
A. keyserlingi, Speeton Series. 

Avicula ( = Ptet'ia). Shell oblique, inequilateral, inequivalve, 
left valve more convex than the right. Interior nacreous. Hinge 
long, straight, with one or two small cardinal teeth and a lamellar 
lateral tooth. Posterior ear wing-like and longer than the anterior. 
A byssal sinus under the right anterior ear. Hinge-area small. 
Ligament partly internal, partly external, in a groove. Posterior 
adductor impression large, sub-central. Silurian to present day. 
Ex. A, media, Barton Beds etc. 

Pseudomonotis. Similar to Avicula, but the shell is oval, 
the left valve large and very convex, and the right valve flattened ; 
the anterior ear small or rudimentary. Devonian to Cretaceous. 
Ex. P, echinata, Cornbrash. 
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Pterinea. Shell inequivalve ; form similar to AvictUa, Hinge 
with small transverse anterior teeth, and laminar posterior teeth. 
Hinge-area large, longitudinally striated. Posterior adductor im- 
pression large, shallow ; anterior impression small, deep, below the 
anterior ear. Silurian to Carboniferous. Ex. P. Uevis, Devonian. 

Posidonomya. Shell thin, oblique, oval, equivalve, com- 
pressed, with concentric furrows. Umbones small, sub-central. 
Hinge-line straight, short, without teeth, without ears. Silurian to 
Jurassic. Ex. P. becheriy Carboniferous. 

Aviculopecten. Shell somewhat inequilateral ; right valve 
less convex than the left. Hinge-line straight, anterior ear smaller 
than the posterior ; a byssal sinus beneath the anterior ear in the 
right valve. Ligament in narrow grooves nearly parallel with the 
hinge-line. Adductor impression large, sub-central. Surface usually 
radially ribbed. Devonian to Permian. Ex. A. pap^raceus^ Car- 
boniferous. 

Ostrea. Shell with lamellar structure, irregular, inequivalve, 
slightly inequilateral, fixed by the left (larger) valve. Left valve 
convex, often with radiating ribs or striae ; xmibo prominent, some- 
times directed anteriorly, sometimes posteriorly. Right valve flat 
or concave, often smooth. Ligamental cavity triangular or elon- 
gated. Hinge without teeth. Adductor impression sub-central; 
pallial line indistinct, Trias to present day. Ex. 0, ddtoidea, 
Kimeridgian ; 0, edtUiSy Pliocene and Recent. 

Alectryonia. Similar to Ostrea. Both valves with coarse 
angular folds ; edges of valves toothed. Trias to present day. Ex. 
A, gregaria, Corallian ; A.frons, Lower Chalk. 

Gryphaea. Shell similar to Ostrea, but free in the adult 
stage ; left valve large and convex, with a prominent incurved umbo. 
Right valve flattened or concave. Lias to present day. Ex. O. arcuata 
(=iincurva), Lias. 

Ezogyra. Similar to Ostrea, Shell fixed by the left (larger) 
valve. Right valve flat, resembling an operculum. Umbones more 
or less spiral, directed posteriorly. Upper Jurassic to Chalk. Ex. 
E. columba. Upper Greensand. 
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Pecten. Shell sub-circular, ovate or trigonal, closed, almost 
equilateral, inequivalve or nearly equivalve. Surface frequently 
with radiating ribs or striae, sometimes smooth or with concentric 
ridges. Hinge-line straight ; with well-developed ears, with or 
without a byssal sinus. Ligament-pit central, and triangular. 
Adductor impression large, a little excentric. Carboniferous to 
present day. 

Pecten includes a very large niunber of species, which are 
grouped into sub-genera and sections, of which some of the more 
important are : — JEquipecten (ex. Pecten asper^ Upper Greensand, 
P. operctdaris, Pliocene and Recent). Amtmum (ex. P, pleuronectes. 
Recent). Camptonectes (ex. P. lens, Jurassic). Chlamys (see below). 
Hinnites (below). Neithea (ex. P. quadricostatus, Upper Greensand). 
Syncyclonema (ex. P, orbicularis^ Chalk). 

Chlamys : shell ovoid or trigonal, nearly equivalve, surface with 
radial ribs. Ears large — the anterior larger than the posterior and 
with a deep sinus for the byssus on the right valve. Trias to present 
day. Ex. P, islandicus, Pleistocene and Recent. 

Hinnites : the young shell is like Chlamys ; the adult is irregular 
like Ostrea, and is attached by the right valve. Tertiary to present 
day. Ex. H, cortesi. Pliocene. 

Pecten (restricted) : right valve very convex, left flattened. Ears 
nearly equal. No byssal sinus. Cretaceous to present day. Ex. 
P, maarimriSy Pliocene to present day. 

Iiima* Shell obliquely oval, equivalve, compressed, with 
radiating striae or ribs. Valves gaping anteriorly and sometimes 
posteriorly. Umbones distant, sharp. Hinge-line straight without 
teeth, with ears ; the ears unequal. On each valve a triangular 
hinge-area, with a central ligament-pit. Adductor impression large, 
excentric. Two small pedal impressions. Carboniferous to present 
day. Ex. L, gigantea, Lias ; L. cardiiformisy Middle Jurassic. 

SpondylUB (fig. 86 />, E). Shell irregular, with ears, attached 
by the right valve ; surface with radiating ribs which are spiny or 
foliaceous. Right valve larger (more convex) than the left, with 
a triangular hinge-area. Two strong teeth in each valve, which fit 
into corresponding sockets in the other valve ; between the teeth 
a triangular ligament-pit ; ligament partly external. Adductor im* 
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proseion large, sub-central. Jurassic to present day. Ei. S. ipmo- 
*tM, Chalk; S. raritpina, Brackleshara ; S. ffce<leropiis,-Beoent. 

PUcatula. Similar to Spondylvs. Surface smooth, folded or 
m-tAy. Without ears. Hiiige-area obscure. Ligament internal. 
Adductor impression eicentric. Trias to present day. Ex. P. spinoea. 
Lias ; P. injlaja. Chalk. 

Chama. Shell irregular, thick, inequivalve, fixed by the 
umbo of the larger valve (generally the left, sometimes the right). 
Umbones spiral or sub-spiral, directed anteriorly, that of the filed 
valve longer than the other. Surface with concentric lamellee or 
spines. The fixed valve lai^cr and much deeper than the other. In 
each valve a strong cardinal tooth, and sometimes in the inferior 
valve a narrow cwri'ed posterior tooth also. Ligament external, in 
a deep groove, prolonged towards the umbones. Adductor impres- 
sions large, the anterior commencing near the biuge-Iina Pallial 
line simple. Upper Cretaceous to present day. Ei. C. ijuamota, 
Barton Beds. 

Hippuiites (fig. 66). Shell very large and massive, conical or 



Fio. 88. Transveree section of the large valve of HippuriM eornu- 
vaccinum. r, umbonal oavitj ; e, internal lajer of shell ; rf, external 
layer; I, m, n, folds; t, cardinal teeth; a, anterior addnctor; 
a', poeterioi adduCKir; c, cavity; c', cardinal fossa. Cretaceous. 
(From Woodward.) lt«daced. 

sub-cylindrical, very inequivalve, fixed by the apex of the larger 
valve. The lai^ (right) valve conical, striated or smooth, and with 
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three parallel furrows on the cardinal side, and three corresponding 
folds in the interior ; the adductor impression is large and divided. 
Smaller (left) valve flattened or slightly convex, operculiform, 
porous, the pores leading into canals ; with a central umbo and 
three prominent teeth, the anterior very large, the two posterior 
smaller. The smaller valve is formed of two layers, the outer is thin 
and prismatic, the inner is porcellanous and traversed by numerous 
canals. The larger valve is also composed of two layers, the outer is 
formed of small prisms arranged in parallel layers obliquely to the 
surface of the shell, the inner is porcellanous and formed of thin 
leaflets. Middle and Upper Cretaceous. Ex. H. comvrvaccinum. 

Radiolites. Shell large, thick, valves very unequal. The 
larger valve conical or cylindrical, generally straight, fixed by its 
umbo ; surface with vertical ribs or horizontal laminae, and often 
(on the side opposite to the hinge) with two vertical bands which 
are smooth or with ornament distinct from that of the rest of the 
shell ; outer layer of shell very thick, formed of polygonal or pris- 
matic cells ; inner layer thin, porcellanous, often not preserved ; two 
adductor impressions widely separated. The smaller valve flat or 
conical, with sub-central or lateral imibo; two straight, elongate 
teeth ; the adductor muscles were attached to plates behind the 
teeth ; shell structure similar to that of the larger valve, but with 
the external layer thinner. Middle and Upper Cretaceous. Ex. R. 
comu'pastoris, 

. Sphaerulites. Allied to Radiolites, Without vertical bands 
on the large valve. Middle and Upper Cretaceous. Ex. S. 



Cardium. Shell convex, nearly equilateral, cordate or oval, 
generally closed. Umbones prominent, incurved, turned slightly to 
the anterior side. Surface with radiating ribs, which ai-e often 
spiny. Margins of valves crenulated. Right valve with one or two 
cardinal teeth, two anterior-laterals, and one or two posterior- 
laterals ; left valve with two cardinals, one anterior-lateral and 
one posterior-lateral. Ligament external. Adductor impressions 
shallow. Pallial line entire. Trias, to present day. Ex. C. acu- 
leatum, Pleistocene and Recent '^ Q,, edvle^ Plicjoeoft to present 
day. 
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Protocardia. Similar to Gardium, but only the posterior 
part of the shell is provided with radiating ribs, the remainder with 
concentric ribs. Jurassic to present day. Ex. F. hillana^ Upper 
Greensand. 

Cardita. Shell oval or oblong, elongated, very inequilateral, 
with prominent scaly ribs ; often a little gaping and sinuous at its 
ventral margin. Umbones prominent, anterior. Lunule present. 
Ligament external. In the right valve two long, parallel cardinal 
teeth, and a small anterior-lateral tooth. In the left valve one 
short cardinal (anterior), and one long cardinal (posterior), and a 
rudimentary posterior-lateral tooth. Adductor impressions large. 
Pallial line simple. Trias to present day. Ex. C. calyculata^ 
Recent. 

Venericardia. Shell oval, triangular, or heart-shaped, in- 
equilateral, with radiating ribs. Umbones prominent. Ventral 
margin crenulated internally, not sinuous. Ligament external. 
Hinge thick ; in the right valve two oblique cardinal teeth and one 
small anterior-lateral ; in the left two diverging cardinal teeth and 
one elongated posterior-lateral tooth. Adductor impressions un- 
equal. Pallial line simple. Cretaceous to present day. Ex. F. 
planicoata, Bracklesham Beds. 

Astarte. Shell thick, inequilateral, more or less trigonal or 
sub-orbicular, compressed, closed. Surface usually with concentric 
furrows or strisB. A thick periostracum is present. Umbones 
prominent. Lunule distinct. Escutcheon elongated. Ligament 
external. Two cardinal teeth in each valve, lateral teeth rudi- 
mentary. Adductor impressions strongly marked ; above the 
^interior one is a pedal impression. Pallial line simple. Trias to 
present day. Ex. A, omcduy Coralline Crag. 

Opis. Shell trigonal, cordiform, convex, with an oblique keel ex- 
tending from the umbo to the posterior border. Umbones prominent, 
incurved or sub-spiral. Lunule large and very deep. Surface gene- 
rally with concentric furrows. One cardinal tooth in the right valve, 
two in the left. Pallial line simple. Trias to Chalk. Ex. 0. lunu- 
IcUttSy Inferior Oolite. 

Crassatellites { — Crassatdla), Shell solid, oblong or sub- 
trigonal, attenuated behind. Surface smooth or concentrically 
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furrowed. Margins of valves smooth or crenulated. Umbones 
small, close together. Lunule distinct. Ligament internal, placed 
in a pit under the umbo. Hinge with two (sometimes three) cardinal 
teeth, and some small laterals. Adductor impressions deep. Pallial 
line simple. Cretaceous to present day. Ex. C, sulcata^ Barton 
Beds. 

Hippopodium. Shell very thick, oblong ; surface with lines 
of growth. Umbones large, anterior. Hinge thick, with one oblique 
tooth which may disappear in old specimens. Adductor impressions 
deep. Pallial line simple. Lias to Great Oolite. Ex. H. pondero- 
suniy Lower and Middle Lias. 

Cardinia. Shell trigonal, oval, or oblong, very inequilateral, 
compressed, thick, marked by lines of growth. Interior not na- 
creous. Umbones small, sharp, close together. Ligament external. 
Cardinal teeth small or obsolete ; in the right valve one anterior- 
lateral tooth, in the left, one posterior-lateral. Impression of anterior 
adductor very deep. Pallial line simple. Trias to Middle Jurassic 
(chiefly Lias). Ex. C. Itsteri, Lias. 

Unio. Shell oval or elongated, with a thin periostracum. Sur- 
face smooth, striated or folded ; interior nacreous. Umbones more 
or less anterior, often corroded. Ligament external, elongated. In 
the right valve there are two anterior-lateral teeth and a long 
lamellar posterior-lateral tooth ; in the left valve one anterior-lateral, 
one cardinal, and two long lamellar posterior-lateral teeth. Adductor 
impressions very deep, especially the anterior. Pallial line simple. 
Inferior Oolite to present day. Lives in fresh water. Ex. U, littorcUts, 
Pleistocene and Recent. 

Anodonta. Allied to Unios Miocene (perhaps Purbeckian) 
to present day. 

Carbonicola {=Anthraco8ia). Similar to dmoy but the 
anterior part of shell is broad and tumid, the posterior part narrow 
and compressed ; usually a constriction at the ventral border. 
Hinge-plate triangular, with or without cardinal teeth, no laterals. 
Anterior adductor large, near the margin. Pedal impression above 
the anterior adductor. Carboniferous and Permian. Probably 
freshwater. Ex. C, robusta^ Coal Measures. 

w. p. 14 
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Anthracomya. Differs from the preceding chiefly in having 
the posterior part of the shell broad and expanded. Hinge-plate 
small, with a cardinal and one posterior-lateral tooth. Carboniferous. 
Probably freshwater. Ex. A . adamd. 

CjTprina. Shell orbicular or oval, convex, with concentric 
striae and a thick periostracum. Umbones prominent, incurved. 
Ligament external, prominent. No lunule. In each valve two 
cardinal teeth ; in the right valve two anterior- and one posterior- 
lateral ; in the left valve one anterior- and one indistinct posterior- 
lateral. Adductor impressions ovaL Pallial line entire. Margins 
of valves smooth. Lias to present day. Ex. G. tslandica, Coralline 
Crag to present day. 

Isocardia. Similar to Cyprina. Umbones inflated, curved 
anteriorly or spirally inroUed. In each valve two nearly parallel 
cardinal teeth and one posterior-lateraL Jurassic to present day. 
Ex. /. cor, Coralline Crag to present day. 

IiUCina (fig. 86 F). Shell orbicular or oval, slightly inequi- 
lateral, usually ornamented with concentric lines or ridges. Lunule 
distinct. An oblique furrow extends from the umbo to the posterior 
border. Hinge usually with two cardinal teeth and one or two 
lateral in each valve ; the lateral, or the cardinal, may be absent. 
Ligament elongated, external, sometimes partly internal. Adductor 
impressions well marked, the anterior elongated and placed mainly 
within the pallial line, the posterior oval. Pallial line entire. 
Margins of valves smooth or finely crenulated. Trias to present day. 
Ex. L. horealisy Coralline Crag to present day. 

Csrrena. Shell cordiform, oval, or trigonal, usually with con- 
centric ridges ; umbones often corroded. Hinge with three cardinal 
teeth ; one anterior- and one posterior-lateral in the left valve, and 
two of each in the right valve. Ligament prominent, external. 
Pallial line usually entire. Lias to present day. Lives in fresh and 
brackish water. Ex. G. ceylanica, Recent. 

Corbicula. Similar to Gyrena^ but with the lateral teeth 
lamellar and finely striated. Eocene to present day. Freshwater. 
Ex. (7. flumincdu. Pliocene to present day. 

Venus. Shell thick, oval, inflated; surface smooth, or with 
ribs or concentric lamellae ; lunule distinct. Margins of valves finely 
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crenulate. Hinge-plate wide ; in each valve three cardinal teeth, 
often bifid, no lateral teeth. Ligament external, prominent. Palhal 
sinus small. Middle Jurassic to present day. Ex. 7. casina, Pliocene 
to present day. 

Meretrix ( = Cytherea) (fig. 85). Shell thick, ovate, sub- trigonal, 
smooth or with concentric striae. Margins of valves not crenulate. 
Lunule well marked. Ligament external. Hinge thick, with three 
cardinal teeth in each valve, two anterior-lateral in the right, and 
one in the left valve. Pallial sinus angular. Jurassic to present day. 
Ex. M. incrctssata^ Headon Beds. 

Dosinia {= Artemis). Shell orbicular, compressed, with con- 
centric ridges or striae. Lunule depressed. Escutcheon narrow. 
Ligament sunk. Three cardinal teeth in each valve, one anterior- 
lateral in the left valve, and two (rudimentary) in the right. 
Margins smooth. Pallial sinus very deep. Upper Cretaceous to 
present day. Ex. D. exoleta, Coralline Crag to present day. 

Tellina. Shell oval, transversely-elongate, or sub-orbicular, 
slightly inequivalve, compressed, rounded in front, attenuated 
behind, and fm*nished with an oblique fold from the umbo to the 
posterior border. Margins of valves smooth. Two cardinal teeth in 
each valve, and one anterior- and one posterior-lateral, which are 
often indistinct in the left valve. Ligament external, prominent. 
Pallial sinus very deep. Jurassic to present day. Ex. T. halthica^ 
Pliocene to present day. 

Psammobia. Shell elongate, sub-equilateral, gaping at the 
ends, anterior side rounded, posterior side more or less truncate 
and angular. Surface smooth or with striae. Ligament external, 
thick, joined to prominent ridges. Usually two cardinal teeth in 
each valve, some being bifid. Adductor impressions near the dorsal 
border. Pallial sinus very deep. Eocene (perhaps Cretaceous) to 
present day. Ex. P. rttdis, Oligocene ; P. ferroenm, Coralline Crag 
to present day. 

Mactra. Shell oval or trigonal, nearly equilateral, smooth or 
with concentric striae. Internal ligament in a large triangular pit. 
External ligament in a groove. In front of the internal ligament- 
pit is a bifid cardinal tooth (in the form of an inverted V) ; anterior- 
and posterior-lateral teeth well-marked, compressed, double in the 

14—2 
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right valve, single in the left. Adductor impressions semicircular. 
Pallial sinus round or angular. Cretaceous to present day. Ex. 
M, ovcUis, Red Crag to present day. 

Solen. Shell very long, sub-cylindrical, straight, smooth or 
finely striated, the dorsal and ventral margins parallel ; gaping at 
both extremities.' Margins of valves smooth. Umbones at the 
anterior end. Hinge terminal, with one cardinal tooth in each valva 
Ligament long, external. Anterior adductor impression elongated, 
parallel to the dorsal margin. Pallial sinus short. Eocene (perhaps 
earlier) to present day. Ex. S. obltquuSy Bracklesham Beds; S, 
vagina, Recent. 

Mya (fig. 84). Shell oblong, gaping at both ends, particularly 
at the posterior ; the left valve a little smaller than the right. In 
the right valve one small cardinal tooth ; in the left valve a large 
spoon-like process to which the internal ligament is fixed. Anterior 
adductor impression elongated. Pallial sinus large and rounded. 
Eocene to present day. Ex. M. truncatay Coralline Crag to present 
day. 

Corbula. Shell oval, inequivalve, closed, roimded in front, 
somewhat angular and contracted behind, with a ridge passing from 
the umbo to the posterior angle. Surface generally with concentric 
grooves. Umbones prominent. Right valve larger and more convex 
than the left, and with a strong cardinal tooth in front of the 
ligament-pit, and also a posterior cardinal tooth; left valve with 
a spoon-like process for the internal ligament, and one posterior 
cardinal tooth. Adductor impressions well marked. Pallial lino 
slightly sinuous posteriorly. Trias to present day. Ex. C. JUnis, 
Barton Beds. 

Panopea. Shell equivalve, inequilateral, oblong, thick, con- 
centrically striated, gaping at each end, especially at the posterior. 
Ligament external, on a prominent ridge. One cardinal tooth in 
each valve. Pallial sinus very deep. Cretaceous to present day. 
Ex. P, faujasi, Coralline Crag to present day. 

Saxicava. Shell small, more or less oblong, gaping ; umbones 
anterior. Ligament external. Teeth absent in the adidt, one or 
two cardinals present in the young. Pallial line not continuous, 
sinuous. Saxicava bores into rocks etc. Jurassic to present day. 
Ex. S, rugom. Coralline Crag to present day. 
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Ceromya. Shell heart-shaped, inflated, inequilateral, finely 
granular, with concentric grooves. Left valve not quite so convex 
as the right. Anterioi' side short, posterior longer and compressed. 
Umbones prominent, anterior, ciured forward. Hinge thickened, 
with a ridge behind the umbones ; teeth absent. PaUial line 
sinuous. Jurassic. Ex. C, concentrica^ Inferior Oolite to Corn- 
brash. 

Grammysia. Shell elongate-ovate, very inequilateral, orna- 
mented with concentric furrows, and one or more radial folds passing 
from the umbo to the postero-ventral border. Umbones placed 
anteriorly. Lunule very deep. Hinge-margin thick, without teeth. 
Anterior adductor very small, posterior large. PaUial line simple. 
The systematic position of Qrammyda is uncertain. Silurian 
and Devonian. Ex. G. cingvlata^ Silurian ; Q, hamiltoTiensia^ 
Devonian. 

Pleuromya. Shell transversely elongated, anterior side shorfr, 
posterior long and generally compressed, sometimes gaping ; surface 
with concentric folds. Hinge without teeth, but with a thin pro- 
jecting plate at the margin. Adductor impressions faintly marked ; 
pallial sinus deep. Trias to Cretaceous. Ex. P. donadna^ Corallian 
and Kimeridgian. 

Gresslya. Shell oval, elongate, very inequilateral, smooth or 
with concentric furrows ; anterior side high and inflated, posterior 
side narrowing and somewhat compressed. Umbones anterior, 
close together ; lunule sometimes well marked. Right valve a little 
higher and larger than the left. Adductor impressions shallow; 
pallial sinus deep. Behind the umbo of the right valve is a tooth- 
like projection and an internal plate — the latter appears as a furrow 
in casts of the shell. Jurassic. Ex. O, gregariay G. abducta^ Inferior 
Oolite. 

Pholadomya. Shell thin, translucent, oblong or oval, 
ventricose, equivalve, gaping posteriorly and sometimes anteriorly. 
Anterior side short and rounded. Surface with radiating ribs 
crossed by concentric striae. Umbones prominent. Ligament ex- 
ternal. Hinge without teeth or with a small transverse tubercle. 
Adductor impressions very faint. Pallial sinus deep. Lias to 
present day. Ex. P, mxirga/ritacea^ London Clay. 
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Homomya. Similar to Pfioladomya. Without radial ribs; 
surface smooth or ornamented with fine granules. Trias to Creta- 
ceous. Ex. H, gibbosa, Inferior and Great Oolites. 

Goniomya. Similar to the last two, but with V-shaped ribs 
pointing ventrally. Lias to Cretaceous. Ex. G. liter ata. Inferior 
Oolite to Corallian. 

Thracia. Shell thin, oblong, compressed, attenuated and 
gaping posteriorly ; surface smooth or concentrically striated. Um- 
bones turned a little to the posterior side. Right valve larger than 
the left. Hinge with a stout calcareous process or ossicle in each 
valve. External ligament short and prominent. Adductor im- 
pressions small. Pallial sinus not very deep. Trias to present day. 
Ex. T. pttbescenSy Coralline Crag to present day. 

Pholas. Shell elongate, cylindrical, gaping at both ends. 
Surface with spiny ridges, best marked in front. On the dorsal 
region are one or more calcareous plates. No teeth; no ligament. 
In the interior, under the umboues, is" a process for the insertion of 
the muscle of the foot. Pallial sinus very deep. Pholas bores into 
rocks etc. Lias to present day. Ex. P. cylindrical Red Crag; 
P. dcLctylus, Recent. 

Teredo. Shell more or less globular, gaping at the ends, 
valves tri-lobed, with concentric striae. In the interior, under the 
umbones, is a long narrow plate for the insertion of the pedal muscle. 
Posterior part covered by a long, calcareous tube, which is sub- 
cylindrical, straight or curved, and often with partitions. Teredo 
perforates wood. Jurassic to present day. Ex. T, norvegica, Coral- 
line Crag to present day. 

Distribution of the Lamellibranchia. 

All the Lamellibranchs are aquatic animals, and by far 
the larger number are marine. The marine forms range 
from the shore-line down to a depth of 2900 fathoms ; 
they are most abundant in shallow water, and are scarce 
at depths greater than 500 fathoms, but the following, 
and a few other genera, have been found below 1500 
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fathoms: — Nucula, Nuculana, Area, Limopsis, Malletia, 
Verticordia, Cuspidaria (= Necera). 

Two genera of LamelHbranchs have been recorded 
from the Lower Cambrian of North America ; in England 
the earliest forms appear in the Tremadoc Beds. They 
are rather rare in the Ordovician, but become fairly 
numerous in the Silurian, and afterwards gradually in- 
crease in importance, reaching their maximum at the 
present day. Many of the genera have a rather extended 
range in time. 

Fresh or brackish water Lamellibranchs are generally 
rare in the Palaeozoic and Mesozoic formations. Probably 
the earliest form is Archanodon jukesi (from the Old Red 
Sandstone) which resembles the living freshwater mussel 
Anodonta. In the Coal Measures several species of Car- 
bonicola, Anthracoviya^ and Naiadites occur. The living 
type Unio has been found in the Inferior Oolite of York- 
shire, and is fairly common in the Purbeckian and Wealden 
of the south of England, where it is associated with 
Corhicida, Freshwater lamellibranchs also occur in the 
Woolwich Beds, the Oligocene deposits, and in the Pleisto- 
cene river-gravels. 

The principal genera of Lamellibranchs found in the 
different systems are as follows: 

Cambrian. Ctenodonta, Glyptarca, 

Ordovician. Ctenodonta, Cyrtodonta { = Palcearca\ Glyptarca^ 
Modiolopsis, 

Silurian. Ctenodonta, Cardiola, Avictday Pterinea, Amhonychia, 
ModiolopsiSj Orammysia, 

Devonian. Ctenodonta, Cardiola, Pterinea, Aviculopecten, Acti- 
nopteria, Megalod<yn, Conocardium. 

Carboniferous. Avicvlopecten, Posidonomya, Pinna, Conocardium, 
Carbonicola{=Anthracosia), Anthracomya, Edmondia, Sanguinolitei, 
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Permian. Bakevdlia^ Schizodua. 

Trias. Nucvla^ Nucvlana, Paloeoneilo, Area, Myophoria, Oervillia, 
Hoemeda, Monotis, Halobia, Ostrea, Pecten (subgenera), Linw,, 
Aviculay Cassianella, Cardium, Cardita, Megalodon. 

Jurassic. Nucfula, Nucutana, Area, Macrodon^ Trigoaia^ Myo- 
concha, Modiohiy Hippopodium, Avicula, Pseudomonotis, GervilUa, 
Pema, Ceromya, Pinna, Ostrea, Oryphcea, Alectryonia, Pecten (various 
subgenera of), Lima, Diceras, Cardium, Unicardium, Astarte, Opis, 
Pachyrimia, Cardinia, Pleuromya, Gresslya, Pholadomya, Homomya, 
Thrada. 

Cretaceous. Nucula, Area, Gwcvllcea, Trigonia, Modiola, Myo- 
concha, Gervillia, Inoceramus, Pema, Aucella, Ostrea, Exogyra, 
Alectryonia, Peeten (the subgenera Chlamys, Syncyclonema, Neithea 
etc.), Lima, Spondylus, PlicattUa, Hippurites, Radiolites, Sphcerulites, 
Cardium, Protocardia, Unio, Gyprina, Pholadomya, , 

Eocene. Nucvla, Area, Peetuneulus, Pecten {Ghlamys etc.), 
Ghamja, Gardium, Venericardia, Gardita, Astarte, Grassatellites, 
Gyprina, Ludna, Meretrix { = Gytherea), Psammohia, Tellina, Gor- 
hula, Panopoea, Pholadomya. 

Oligocene. Mytilus, Breissensia, Gstrea, Gyrena, Gorhula, Erodona 
{=: Potam/ymya), Ludna, Meretrix { = Gytherea), Psammohia, 

Pliocene. Nv>cula,PeetuncyZu8, Mytilus, Pecten, Ghlamys, Gardium, 
Gardita, Astarte, Gyprina, Isocardia, Lucina, Venus, Dosinia {^^ Ar- 
temis), Tellina, Mya. 

CLASS II. GASTEROPODA. 

The Gasteropoda include even a larger number of 
forms than the preceding class; well-known examples 
are the snail, the whelk, and the cowry. The bilateral 
symmetry, so characteristic of the lamellibranchs, is 
generally to a large extent obliterated, owing to the 
twisting of the visceral mass and the atrophy of some of 
the organs on one side of the body. There is a distinct 
head, which bears one or two pairs of tentacles, and usually 
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also eyes. On the ventral surface of the body is the foot; 
this is usually large and sole-like and used for crawling, 
but in the Heteropods it is in the form of a flattened fin, 
and in the Pteropods it is wing-like. The mantle is never 
divided into two lobes. Respiration takes place in some 
cases through the skin, but generally by means of a lung- 
cavity or by gills; the latter are placed in a sac formed 
by the mantle ; sometimes they are present on both sides 
of the body, but very often the original left gill has disap- 
peared. In some forms the mantle, at the opening of the 
gill-sac, is produced into a tube, known as the siphon, by 
means of which water passes to the gills. The heart is on 
the dorsal surface, and consists of a ventricle and usually 
one, but in some cases two auricles. In many forms the 
gills are placed in front of the heart, but in others behind 
it. The mouth is at the anterior end of the body; the 
anus is occasionally posterior, but as a rule it is placed 
near the opening of the gill chamber. On the floor of the 
cavity of the mouth is a dental apparatus, known as the 
odontophore : this consists of a chitinous ribbon (the radula 
or lingual ribbon) placed on a cartilaginous ridge; the 
radula bears numerous teeth which are placed in rows, and 
it serves as a rasping organ. The arrangement of the 
feeth varies in different genera and is of considerable 
importance in classification, but since the radula has never 
been definitely recognised in fossil forms, it can only be 
used by the palaeontologist in the case of genera which 
have existing representatives. The nervous system consists 
of ganglia which are connected by nerve-cords. Typically 
there are three pairs of principal ganglia — the cerebral 
placed above the oesophagus, and the pleural and pedal 
placed below it; a visceral nerve-cord, which may bear 
ganglia, comes off from the pleural ganglia, and forms a 
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loop ventral to the intestine. In some gasteropods (the 
Euthyneura) this loop is simple, but in others (the Strepto- 
neura) one side is bent over so that the loop forms a figure 
of 8. Some gasteropods are unisexual, others herma- 
phrodite. 

In the majority of the gasteropods a shell is secreted 
by the mantle ; in a few forms, as for instance the slugs, 
it is internal, but usually it is external and covers the 
visceral mass. The shell, except in Chiton and its allies, 
consists of a single piece, and is hence said to be univalve. 
In the limpet {Patella) it has the form of a hollow cone ; 
but in most cases it consists of a long tube, open at one 
end, and tapering to a point at the other. This tube is 
generally coiled into a screw-like spiral, each coil being 
termed a whorl; in a few genera (e.^. Vermetus, Siliquaria) 
the whorls are separated, but as a rule they are in contact 
(fig. 89), the line between two contiguous whorls being 
known as the suture (su). All the whorls, except the last 
one, together form the spire (S) of the shell, the point of 
which is termed the apex (a). The last whorl is nearly 
always larger than the preceding, fi-equently very much 
so, and the part of it farthest from the apex forms the 
base of the shell. The spire varies in form in different 
genera and species ; sometimes it is composed of a large* 
number of whorls, sometimes of few, and it may be long, 
short, or depressed. The angle of the spire (spiral angle) 
will consequently also vary ; this is measured by lines 
drawn fi:om the apex to the base of the shell on opposite 
sides of the exterior of the whorls. The coiling of the 
shell is usually dextral; so that when the apex of the 
shell is pointed away from the observer (as in fig. 89) the 
aperture will be on the right-hand side ; in a few cases it 
is sinistral, when the aperture will be on the left. 
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Frequently the inner parts of the whorla coalesce, and 
form an axial pillar extending from the apes to the base 
of the shell (fig, 89) and known aa the columella. In 



Flo. 89. LoDgitndiDal section of Lotoriunt {=Triloii] coTrugaium, 
The upper part of the spite has been partitioned off many times 
Huccesaively. □, apex; su, suture; 5, spire; L, outer lip of the 
aperture ; ac, anterior canal ; pc, posterior canal. (From Wood- 
other cases the inner pvrta do not fuse, and in the place of 
the columella there is left a tube-like space, extending 
from the base of the shell a greater or less distance towards 
the apex ; this space, which opens at the base of the shell, 
is called the umbilicus. When there is a columella the 
shell is often said to be imperforate, when instead there is 
an umbilicus it is per/orate. The opening of the umbilicus 
sometimes becomes partly filled up with a shelly growth. 
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known as callus. The animal is attached to the columella 
by means of a muscle, the contraction of which enables it 
to withdraw completely into the shell; but, when not 
retracted, the coiled visceral mass only is coyered by the 
&hell. 

Usually the cavity of the gasteropod shell is con- 
tinuous from the apex to the aperture, but in a few 
cases partitions are thrown across the earlier parts of 
the shell (fig. 89), forming chambers which remain 
empty. The form of the aperture varies considerably in 
different genera and is of great importance in classifi- 
cation; in shape, it may be circular, oval, elongate, 
oblong, etc. Its margin is termed the peristome: the 
outer part forms the otvter lip (Z), the inner part (that 
next the columella) the irmer lip. As the gasteropod 
crawls along, the shell is carried on the dorsal surface of 
its body with the apex directed backward and upward, 
and the aperture downward ; consequently the part of the 
aperture farthest from the apex is anterior, the opposite 
(nearest the apex) is posterior. Sometimes, as in Natica, 
there is no break in the peristome, and it is then said to 
be entire or holostomatous ; in other cases the anterior 
border is notched or produced into a tube (ac) in which 
the siphon is placed, and these forms are said to be siphono- 
stomatous ; sometimes there is also at the posterior border 
another canal (pc), in which the excurrent or anal siphon 
is placed. The outer lip may be thin and sharp, or thick- 
ened. Sometimes it is curved outwards, and is then said 
to be reflected; or it is curved inwards — inflected. Its 
margin may be even, or crenulated, or produced into pro- 
cesses. 

Many genera have a calcareous or homy plate, known 
as the operculum, attached to the posterior part of the 
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foot; this is so arranged that when the animal withdraws 
into its shell the operculum more or less completely closes 
the aperture. It has been considered by some as a second 
valve, but more probably represents the byssus of the 
lamellibranch. The operculum is seldom preserved fossil ; 
its form varies considerably in different genera, in some 
(Turbo) it is of very large size with the inner surface 
flattened and the outer convex; it may have a spiral 
structure, and is then sometimes formed of a large number 
of whorls (multispiral) as in Trochus, or of a few whorls 
(paucispiral) as in Littonna, When not spiral it may be 
concentricy if growth takes place equally all round ; it is 
then marked with concentric lines, the nucleus being 
nearly central, as in Viviparus ; or it may be unguiculate 
or claw-shaped when the nucleus is at the apex as in 
Fusm, 

The form of the shell in the spiral gasteropods varies 
considerably, depending on the arrangement of the whorls 
in one plane or in a helicoid spiral, on the spiral angle, 
on the number and shape of the whorls, on the size of 
the last whorl and whether it conceals the earlier whorls 
or not. The chief types are the following : — 

1. IHscoidal; the whorls all in one plane, as in 
Planorbis, 

2. Conical or trochiform ; conical with a flat base, as 
in Trochus. 

3. Turbinate; conical with a convex base, as in 
Turbo, 

4. Tuiireted or elongated ; as in Turritella. 

5. Fusiform ; tapering to each end, as in Fusus, 

6. Cylindrical ; as ih Pupa, 

7. Globular ; as in Natica. 
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8. Covvolute; when the last whorl covers all the 
others and the aperture is consequently as long as the 
shell, as in Cyprcea. 

9. Auriform; aperture very large and spire very 
short, as in Haliotis, * 

The surface of the shell is frequently ornamented with 
spines, knobs, ribs, or striae ; these are said to be longitu- 
dinal or spiral when they run parallel with the sutures, 
and transverse when they run across the whorls from 
suture to suture. When rows of spines, or lamellar pro- 
cesses, extend across all the whorls from the apex to the 
base of the shell, as in MureXy we have what are termed 
varices. The surface of the shell in recent gasteropods is 
generally coloured, often variegated; in fossil examples 
the colour has nearly always disappeared, but a few 
specimens, from various formations, even as early as the 
Carboniferous, have been found showing the colour more 
or less perfectly preserved. The shell consists of an outer 
chitinous layer, and of a calcareous layer which is thick 
and porcellanous ; in some cases there is also an inner 
nacreous or pearly layer. 

The Gasteropoda are divided into two sub-classes: — 
(1) Isopleura, (2) Anisopleura. 

SUB-CLASS I. ISOPLEURA, 

. The Isopleura, or Polyplacophora, include Chiton and 
its allies. The body is bilaterally symmetrical and more 
or less elongated, with the anus at the posterior end. 
There are numerous (6 to 80) pairs of gills, which are 
placed in a groove between the foot and the mantle. A 
nerve-ring surrounds the oesophagus, and from it two 
nerves come oflF on each side and extend to the posterior 
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end of the body ; ganglia are poorly or not at all developed. 
The shell consists of eight plates placed in a longitudinal 
row on the dorsal surface of the body ; each plate usually 
overlaps the one behind it, and a flexible band or girdle 
encircles the whole series of plates. 

All the forms in this group are marine; they live chiefly 
in quite shallow water, but a few examples have been 
found at great depths. Although of great antiquity and 
represented by a large number of living species, the 
Isopleura are rarely found fossil. The earliest form 
(Priscochiton) occurs in the Ordovician; Helminthochiton is 
found in the Silurian ; Oryphochiton in the Carboniferous ; 
LepidopleuruSj Chiton, and others in the Tertiary. 



SUB-CLASS II. ANISOPLEURA. 

The body is asymmetrical, owing to the twisting of the 
visceral mass. There are not more than two gills. The 
shell consists of one piece and is usually spiral. There 
are two orders, (1) Streptoneura, (2) Euthyneura. 

ORDER I. STREPTONEURA. 

In the Streptoneura (or Prosobranchia) the visceral 
nerve-cord is twisted into a figure of 8. Usually one gill 
only is present, and it is placed in front of the heart. An 
operculum is found in most cases. 

Patella. Shell conical, oval or sub-circular ; apex sub-central 
or excentric, nearer the anterior border, often curved forwards ; sur- 
face with radiating ribs or striae, rarely smooth. Margin simple or 
spinose. Muscular impression horse-shoe shaped, open in front. 
Jurassic (perhaps Palaeozoic also) to present day. Ex. P. vulgata^ 
Pliocene to present day. 
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Pleurotomaria. Shell trochiform, conical, tiirbinate, or dis- 
coidal ; interior nacreous. Umbilicus present or absent. Aperture 
sub-quadrate or oval, outer lip sharp, with a slit which, as the shell 
grows, becomes filled up, leaving a band on the whorls, toward which 
the lines of growth are directed obliquely backwards. Operculum 
homy. Upper Cambrian to present day. Ex. P. anglica. Lias ; 
P, omatay Inferior Oolite. 

Murchisonia. Shell turreted, with many, more or less 
angular whorls, provided with a band as in Pleurotomaria, Aperture 
oblong, with a slit, and a very short anterior canal. Ordovician to 
Trias. Ex. M. vemeuUianay Carboniferous Limestone. 

Bellerophon (fig. 90). Shell globular, usually with an um- 
bilicus on each side ; whorls few, em- 
bracing, symmetrically coiled in one 
plane. Aperture sub-circular or oval, 
with a deep median slit, which is re- 
placed by a band or keel dividing the 
shell into two similar parts ; columellar 
edge often with callus. Cambrian to 
Permian. Ex. B. tenuifascia, Carboni- Fio. 90. Bellerophon, from 

ferous Limestona the Carboniferous Lime- 

stone, showing the slit in 
Fissurella. Shell similar to the aperture, x f. 

£margimUayhut more or less depressed ; 

apex perforated and nearer the anterior than the posterior border ; 
no marginal slit. Muscular impression b& in Patella, Jurassic (per- 
haps Carboniferous) to present day. Ex. F, crasga, Eecent ; F. 
grceca. Coralline Crag to present day. Fissurella is divided into 
several sub-genera ; many of the fossil species belong to the sub- 
genus Fissuridea, 

XSmarginula. Shell conical, surface ornamented with a 
trellis-work of longitudinal and transverse ribs, apex curved 
posteriorly. Anterior border with a well-marked slit, which be- 
comes filled up during growth, leaving a raised band. Muscular 
impression horse-shoe shaped. Jurassic (perhaps Carboniferous) to 
present day. Ex. E. Jmura^ Coralline Crag to present day. 

XiUOinphalU8. Shell depressed, discoidal or conical, with 
a wide and large umbilicus ; whorls convex with a ridge on the 
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upper surface. Aperture polygonal ; outer lip with a slit on its 
upper surface. Silurian to Trias. Ex. E. pentangvlatus^ Carboni- 
ferous Limestone. 

Omphalotrochus {^^Boriostoma of some authors). Form 
similar to Euomphalvs, Whorls ornamented with longitudinal 
keels and numerous transverse striae or fine ribs. Aperture without 
a slit. Ordovician to Carboniferous. Ex. 0, discus, Silurian. 

Turbo. Shell solid, tiu-binate or conical, whorls convex, in- 
terior nacreoTis. Aperture large, circular, entire, slightly produced 
anteriorly ; outer lip sharp. Columella ciu-ved, flattened. Im- 
perforate or with a small umbilicus. Operculum thick, calcareous, 
exterior convex, interior flat and spiral, nucleus central or sub- 
central. Jurassic (perhaps also Palaeozoic) to present day. Ex. T, 
marmorattts, Recent ; T, rugosvs, Pliocene to present day. There 
are numeroiis sub-genera. 

Phasianella. Shell elongated, oval or oblong, smooth, polished, 
without an umbilicus, interior not nacreous. Aperture oval, entire, 
rounded anteriorly, angular posteriorly ; outer lip thin, simple, 
sharp. Columella smooth, flattened. Operculum calcareous, with 
an excentric nucleus. Upper Cretaceous (or earlier) to present day. 
Ex. P. austrcdiSy Recent ; P. gosauvca, Upper Cretaceous. 

Amberleya. Shell turbinate, elongate, without imibilicus. 
Whorls ornamented with several, longitudinal keels which are usually 
spiny or nodular ; between the keels are numerous transverse striae 
or fine ribs. Base rounded. Aperture sub-oval ; outer lip often 
crenulated. Trias to Cretaceous (chiefly Jurassic). Ex. -4. omcUa, 
Inferior Oolite. 

Cirrus. Shell sinistral, conical or t\u*binate, or sometimes 
nearly discoidal, with a very large umbilicus. Spire acute. Whorls 
irregular, ornamented with strong transverse nodular ribs and finer 
longitudinal ribs ; last whorl large. Aperture rounded, entire. 
Trias to Inferior Oolite. Ex. C, nodosus, Inferior Oolite. 

TrochUS. Shell conical, whorls numerous and flat or slightly 
convex, spire sharp, interior nacreous ; base flat or nearly so, angular 
at the periphery. Aperture entire, rhomboidal; outer lip sharp, 
oblique. Columella twisted, with a prominent anterior tooth-like 

w. p. 15 
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protuberance or a fold. Operculum homy, multispiral, nucleus 
central. Trias to present day. Ex. T. ntlotictts, Recent. There 
are numeroiis sub-genera. 

Nerita. Shell thick, solid, ovoid or semi-globose, without an 
umbilicus ; interior not nacreous. Spire very short. Surface smooth 
or with spiral ribs. Aperture semicircular, entire ; outer lip thick, 
the interior generally denticulate ; inner lip flattened, with callus, 
and a straight denticulate border. Operculum calcareous, nucleus 
excentric. Cretaceous to present day. Ex. N. ustulata^ Recent ; 
N. glohom^ London Clay and Bracklesham Beds. 

Neritina. Form similar to Nerita. Shell relatively thin, 
usually smooth. Outer lip sharp, not thickened, with interior not 
denticulate. Eocene (perhaps earlier) to present day. Ex. N, aperta, 
Headon Beds ; N, zebra, Recent. 

Macrochilina {=MacrocheiliL8), Shell elongate-oval, with 
sharp spire, and last whorl high. Surfa,ce smooth or with growth- 
line. No umbilicus. Aperture ovate, angular behind, sometimes 
with a shallow anterior canal ; outer lip thin, inner lip with a weak 
anterior fold. Silurian to Trias. Ex. M, arculatus, Devonian. 

IiOXOnema. Shell turreted, spire very long ; whorls convex, 
ornamented with sinuous growth-line. No umbilicus. Aperture 
long, enlarging in front, with shallow canal ; outer lip sharp, sinuous. 
Silm-ian to Trias (chiefly Carboniferous). Ex. Z. constrictum, Car- 
boniferous. 

Pseudomelania. Shell elongate, with many nearly flat 
whorls, without umbilicus, spire long, surface smooth or with growth- 
lines. Aperture oval, entire, rounded in front, narrowed and angular 
behind ; outer lip sharp. Columella smooth. Trias to Eocene. Ex. 
P. heddingtonermsy Corallian. 

Scala {=Scalaria), Shell turreted, spire elongate; whorls 
niunerous, very convex, sometimes separated, ornamented with 
strong transverse ribs or sometimes with lamellae, frequently with 
spiral ribs also. Umbilicus more or less distinct. Aperture circular, 
entire, margin thickened. Operculum homy, paucispiral. Trias to 
present day. Ex. aS'. scalaris. Recent ; S, grcenlandicay Red Crag to 
present day. 
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Solarium. Shell conical, depressed, angular at the periphery. 
Aperture entire, sub-quadrate ; lip sharp. Umbilicus wide and 
deep, limited by a sharp edge which is generally crenulated. Oper- 
culum horny, spiral. Jurassic to present day. Ex. S. perspectivum, 
Recent ; S. canaltculatum, Barton and Bracklesham Beds. 

Purpuroidea. Shell thick, oval, spire rather short, last whorl 
inflated. Whorls step-like, with tubercles or spines at the angles. 
Aperture with a small notch anteriorly ; outer lip thin. Inferior 
Oolite to Upper Cretaceous. Ex. F. nodulata^ Great Oolite. 

Iiittorina. Shell thick, not nacreous internally, turbinate, 
few-whorled, without umbilicus. Aperture rounded, angular behind, 
outer lip sharp. Columella flattened. Operculum homy, paucispiral. 
Idas to present day. Ex. Z. littorea^ Red Crag to present day. 

Capulus. Shell conical, with apex bent considerably backward 
and more gr less spirally inrolled. Aperture rounded or irregular. 
Muscular impression horse-shoe shaped. Palaeozoic to present day. 
Ex. C. hungaricus, Coralline Crag to present day. 

Platyceras. Allied to Capvlus ; apical part usually more 
extensively coiled, dextral. Surface smooth, or with concentric 
striae, or radial folds or spines. Cambrian to Trias. Ex. P, cornutum^ 
Silurian. 

Calyptrsea. Shell conical, trochiform, spiral, apex central ; 
interior with a spiral plate under the apex and attached at the 
periphery. Aperture nearly circular. Cretaceous to present day. 
Ex. C. chiTiensiSy Coralline Crag to present day. 

Natica. Shell oval, globular, generally smooth, spire short, 
last whorl very large. Aperture semilunar or oval, entire ; outer lip 
sharp, inner lip thickened with callus, not crenulate. Umbilicus 
usually present, often filled with callus. Operculum of the same 
size as aperture, homy or calcareous, paucispiral, nucleus excentric. 
Trias to present day. Ex. N, canrena, Recent ; N. millepunctata^ 
Coralline Crag to present day. There are numerous sub-genera. 

Xenophora {^-Phorus). Shell conical, low, with flattened or 
concave base ; periphery of last whorl sharp. Aperture large oblique, 
lower part concave, outer lip sharp and oblique. Umbilicus generally 
small. Whorls flattened, covered with agglutinated foreign bodies. 
Cretaceous to present day. Ex. X agglutinans, Barton Beds. 

15—2 
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VivlparUS {^Palvdina). Shell thin, turbinate, with a thick 
periostracum ; whorls convex, smooth or with faint ribs. Umbilicus 
small or absent. Aperture entire, oval, slightly angular behind. 
Operculum horny with concentric striaa, and excentric nucleus. 
Inferior Oolite to present day. Lives in fresh water. Ex. V. lentus, 
Bembridge Beds. 

Turritella. Shell without umbilicus, turreted, many-whorled, 
whorls flat or slightly convex, ornamented with spiral ribs and with 
striae of growth ; spire very long and acute. Aperture oval or sub- 
quadrate, entire, outer lip thin, slightly produced in front. Oper- 
culum horny. Trias to present day. Ex. T. terehra, Pliocene to 
present day ; T, imbricataria, Barton and Bracklesham Beds. 

Melania. Shell with dark periostracum, elongate, turreted, 
many-whorled, without umbilicus, apex 
sharp but usually corroded. Surface 
smooth, or ornamented with spiral strisB, 
or transverse ribs, or spines. Aperture 
entire, narrow behind, rounded in front ; 
outer lip sharp, slightly sinuous behind. 
Coliunella smooth. Operculum horny, 
oval, sub-spiral. Wealden to present 
day. Lives in fresh water. Ex. M. ama- 
rida, Recent ; M. acuta^ Bembridge Beds. 

Nerinea (fig. 91). Shell elongate, 
usually without an umbilicus, whorls 
numerous. Aperture subquadrangular, 
oval or elongate, with a short anterior 
canal; outer lip thin, with a posterior 
slit near the suture, which becomes 
filled, leaving a continuous band. Colu- 
mella and also the interior of the 
whorls furnished with folds which are 
continuous to the apex. Inferior Oolite 
to Upper Cretaceous. Ex. N, dngenda^ 
Inferior Oolite. 



Cerithium . Shell without an um- 
bilicus, turreted, without periostracum. 



Fio, 91. Nerinea trachea^ 
partly sliced to show 
the form of the in- 
terior. Great Oolite. 
(From Woodward.) x §. 
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Whorls numerous, narrow, the last whorl always much shorter than 
the spire. Aperture oblong or semi-oval, with a short posterior 
canal and a well-marked recurved anterior canal ; outer lip more or 
less thickened and often somewhat reflected; columella concave. 
Operculum horny, oval, paucispiral, with submarginal nucleus. 
Jurassic to present day. Ex. C. adansoni^ Recent ; C. mutabile. 
Barton and Bracklesham Beds. There are several sub-genera^. 

Potamides. Form similar to Cerithium. Shell with a brown 
or blackish periostracum. Aperture rounded or subquadrangular 
with a short anterior canal; outer lip thin or thickened. Oper- 
culum circular, multi spiral, with central nucleus. Lives in brackish 
water. Cretaceous to present day. Ex. P. funatus, Woolwich 
Beds. 

Aporrhais. Shell fusiform, without an umbilicus, whorls 
numerous, spire elongate. Aperture produced into a straight or 
curved anterior canal. Outer lip expanded, thick with an anterior 
sinuosity, lobed or digitate, one of the processes being attached to 
a part of the spire. Operculum small. Jurassic to present day. 
Ex. A. pes-pelicaniy Coralline Crag to present day. 

Alalia. Similar to AporrhaiSy but without a process from the 
outer lip attached to the spire, and without anterior sinuosity. 
Jurassic and Cretaceous. Ex. A. armata, Great Oolite. 

Strombus. Shell ovoid, ventricose, tuberculate or spiny, 
without umbilicus. Spire with several whorls, the last very large. 
Aperture long, narrow, with a notch or a short canal anteriorly; 
canaliculate posteriorly ; outer lip expanded, wing-like, thick, often 
lobed, with a notch near the anterior margin. Operculum small, 
horny, claw-shaped, with serrated edge. Cretaceous to present day. 
Ex. S. pugilis, Recent. 

Rostellaria. Shell fusiform, spire elongated, composed of 
many whorls, which are smooth or faintly ribbed. Aperture oblong, 

^ Cerithium is also used in a more restricted sense by some authors 
to include only forms in which the columella is thick and provided with 
a tooth-like tubercle, the outer lip is expanded in front, and the whorls 
are provided with varices. 
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with a long straight or slightly curved anterior canal, and a 
posterior canal applied to the spire; outer lip expanded, with 
tooth-like processes, and an anterior notch. Operculum small, 
oval or claw-shaped, edge not serrated. Eocene to present day. 
Ex. R, airta, Recent ; K Iticida, London Clay, etc. 

Hlppochrenes. Similar to Rostellaria^ but outer lip wing- 
like and without processes. Upper Cretaceous and Eocene. Ex. 
H. amplusy Barton Beds. 

Rimella. Similar to Rostellaria^ but with cancellate orna- 
mentation; outer lip but little expanded and reflected outwards. 
Upper Cretaceous to present day. Ex. R. rimosa, Barton Beds. 

Cyprsea. Shell ovoid or elongate, convex, convolute, surface 
covered with shining enamel. Spire almost or quite concealed by 
the last whorl. Aperture oblong and narrow, as long as the shell, 
with a short canal at each end ; outer lip inflected and crenulated ; 
inner lip crenulated. In the young form the outer lip is thin and 
the spire prominent. Upper Jurassic to present day. Ex. C. 
mauritiana, Recent; (7. oviformis^ London Clay. 

IiOtorium {=^ Triton), Shell thick, oval or fusiform. Spire 
elongate, with varices which are continued over a few whorls only. 
Aperture with a posterior notch, and a slightly curved anterior 
canal; outer lip thick, crenulate internally; inner lip with callus 
and usually with folds. Cretaceous to present day. Ex. L. nodu- 
losuMy Barton and Bracklesham Beds. 

Buccinum. Shell oval or elongate, without an umbilicus. 
Spire long. Whorls ventricose, smooth or with longitudinal folds. 
Aj)erture oval, large ; outer lip simple, thin ; anterior canal short, 
truncated, a little reflected ; columella a little sinuous. Operculum 
small, oval or circular. Eocene to present day. Ex. B, undatuniy 
Coralline Crag to present day. 

Nassa. Shell ovate, elongate without umbilicus, generally 
ornamented. Aperture oval, with a short reflected anterior canal ; 
inner lip with callus, reflected on to the last whorl, with a tooth-like 
projection near the anterior canal; outer lip thick, crenulate in- 
ternally. Colmnella truncated, provided with an oblique fold at its 
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base. Upper Cretaceous to present day. Ex. N, mutahUiSy Pliocene 
and living. 

Chrysodomus ( = Neptunea). Shell solid, fusiform or elongate^ 
sometimes sinistral. Aperture oval; outer lip simple; inner lip 
smooth ; anterior canal short, slightly twisted. Operculum homy, 
unguiculate. Cretaceous to present day. Ex. C, anttquttSy Red 
Crag to present day. 

Purpura. Shell tuberculate, striated or lamellar, without 
varices. Spire rather short, last whorl large ; no umbilicus. Aper- 
ture oval, large, with a short oblique anterior canal, and a posterior 
notch or groove. Columella flattened, with callus. Operculum 
lamellar, nucleus marginal. Pliocene to present day. Ex. P. persica^ 
Recent ; P. lapillus^ Red Crag to present day. 

• 

Murex. Shell oval or elongate, solid, spire prominent and 
sharp; whorls convex, each carrying three or more varices, which 
may be spiny, foliaceous, or tubercular. Aperture ovate, anterior 
canal more or less long, narrow and tubular, often closed; no 
posterior canal ; outer lip thick, inner lip smooth. Operculmn 
oval, nucleus sub-apical. Upper Cretaceous to present day. Ex. 
M. brandariSf Recent ; Jf, frondostASy Barton Beds. 

Typhis. Similar to Murex \ small, with hollow spines, and 
anterior canal completely closed. Upper Cretaceous to present day. 
Ex. T. pungeriSy Barton Beds. 

FUSUS. Shell without umbilicus, narrow, fusiform, elongate; 
spire sharp and many-whorled. Aperture oval; outer lip simple, 
thin. A long, straight, narrow anterior canal, not closed. Colu- 
mella smooth, without folds. Operculum oval. Cretaceous to 
present day. Ex. F. colusy Recent ; F. porrectuSy Barton Beds, 
etc. 

Mitra. Shell fusiform, thick. Spire elevated, summit acute. 
Aperture narrow, elongate, notched in front. Columella with 
oblique folds, of which the posterior are the stronger; outer lip 
not reflected, thickened but not grooved internally. No operculum. 
Eocene to present day. Ex. M. episcopalisy Recent; M, lahratulay 
Bracklesham Beds. 
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Voluta. Shell ovate or fusiform, solid, thick, summit of spire 
mammillated. Last whorl very large, aperture elongate, oval ; 
anterior canal very short, recurved ; outer lip simple, often thick, 
rarely reflected. Columella with oblique folds in front, of which 
the anterior are the stronger. No operculum. Upper Cretaceous 
to present day. Ex. F. muricinay London Clay and Bracklesham 
Beds. 

Ancilla {= AncUlaria), Shell smooth, oval or oblong; last 
whorl large ; sutures usually covered by callus. Aperture elongate, 
broadening anteriorly, with a small notch near the suture, and 
a deep sinuosity at the anterior end which is truncated ; coliuuella 
with callus posteriorly, twisted and with folds anteriorly. Creta- 
ceous to present day. Ex. A, buccinoides, Bracklesham, Barton, and 
Headon Beds ; A. dnnamonea^ Recent. 

Pleurotoma. Shell turreted, fusiform, spire long and sharps 
last whorl long. Aperture oval, elongate; outer lip curved, with 
a deep slit near the suture ; inner lip smooth. Anterior canal long, 
straight, narrow. Operculum horny, ovate, acute, nucleus apical. 
Upper Cretaceous to present day. Ex. P: hahylorda^ Recent ; P. 
dentataj Bracklesham Beds. 

Conus. Shell inversely conical, generally smooth, the last 
whorl enveloping the greater part of the preceding whorls. Spire 
short, flattened or conical, many-whorled. Aperture long, narrow, 
straight, with parallel or sub-parallel borders ; outer lip thin, simple, 
no folds or teeth, notched at the suture. Columella straight, 
smooth. Operculum horny, much smaller than the aperture. Upper 
Cretaceous to present day. Ex. G, marmoreus^ Recent ; C. deperditus^ 
Bracklesham Beds. There are numerous sub-genera. 

The Heteropoda are a group of the Streptoneura which 
have become modified for a pelagic mode of life. The 
foot is laterally compressed so as to form a vertical fin. A 
shell may be absent, but, when present, it is always thin 
and light. Only a very few forms have been found fossil. 



I 
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ORDER II. EUTHYNEURA. 

The visceral nerve-cord forms (except in Actceon) a 
simple, untwisted loop. One gill only is present. An 
operculum is generally absent. There are two Sub-Orders, 
(1) Opisthobranchia, (2) Pulmonata. 

SUB-ORDER I. OPISTHOBRANCHIA. 

The gill is placed behind the heart; there is one 
auricle only, which is behind the ventricle. All the Opis- 
thobranchia are marine. 

The Opisthobranchia are divided into two groups : — 

(1) the Nvdibranchia, in which there is no mantle, 
and no shell in the adult; no examples of this division 
have been found fossil. 

(2) the Tectibranchia, which usually possess a mantle, 
a shell, and a true gill. The following three genera are 
examples of the Tectibranchia. 

Actseon. Shell oval, ornamented with spiral pitted strisB 
or grooves; spire prominent, conical, sharp. Aperture elongate, 
rounded in front; outer lip sharp; columella with one strong, 
slightly oblique fold at the anterior end. Cretaceous to present day. 
Ex. A. tomattlisj Coralline Crag to present day. 

Avellana. Shell globular, ornamented with spiral striae or 
grooves ; spire very short. Aperture semi-limar, curved, entire ; outer 
lip much thickened, reflected externally, dentate internally. Inner 
lip thickened, with two or three prominent folds. Cretaceous. Ex. 
A. incrassatay Upper Greensand. 

Bulla. Shell solid, smooth, sub-globular or ovoid, convolute. 
Spire concava Aperture as long as the last whorl, rounded at both 
ends, widest in front; outer lip sharp. Inner lip with callus. 
Cretaceous to present day. Ex. B. ampvUay Recent ; B, globulus, 
London Clay and Bracklesham Beds. 
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The Pteropods are pelagic gasteropods in which the 
foot is represented by two lateral wing-like fins, and the 
head is not well marked; a shell may or may not be 
present. Pteropods occur in enormous numbers near the 
surface in the open ocean; and their shells, which are thin 
and transparent, form a considerable part of the ' pteropod 
ooze * — one of the deep-sea deposits found in the warmer 
parts of the Atlantic Ocean. 

By some writers the Pteropods have been regarded as 
a distinct Class of the MoUusca ; by others as an Order of 
the Gasteropoda. Recent work, however, has shown that 
they agree very closely with the Opisthobranchia, and 
that they should be regarded as members of that sub- 
order which have become modified for a pelagic mode of 
life. 

Fossil Pteropods have been found in Upper Cretaceous 
and Tertiary formations and belong mainly to genera 
which have living representatives. In the Silurian and 
Devonian rocks large numbers of small conical smooth shells 
occur which closely resemble the living form Styliola and 
are probably the remains of Pteropods. 

The three genera described below (which are almost 
confined to Palaeozoic deposits) have been considered by 
many authors to be Pteropods, but they differ from living 
forms in having much larger and thicker shells, and their 
affinities must for the present be regarded as uncertain. 
Some writers have suggested that they may be Polychsete 
worms, others that they are perhaps Cephalopods. Ruede- 
mann has recently shown that in some cases Conularia was 
fixed to foreign objects by means of a small bell-like 
structure at the apex of its pyramidal shell; and Verrill 
has suggested that this form may have been a primitive 
Dibranch Cephalopod. 
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Hyolithes {=Theca) (fig. 92). Shell straight, rarely curved, 
pyramidal, triangular in section, 
smooth or striated; posterior part 
sometimes crossed by walls. Aper- 
ture sometimes oblique; provided 
with an operculum having the form 
of a half cone. Cambrian to Per- 
mian. Ex. H. elegans, Ordovician. 

Conularia. Shell thin, gene- 
rally straight, pyramidal; section 
quadrangular, each lateral face Fio. 92. Hyolithes from the 
with a median longitudinal groove ; Cambrian, showing the oper- 

posterior part of shell sometimes * *' 

provided with concave partitions. Surface ornamented with 
numerous transverse, parallel, angulated ridges. Aperture partly 
closed by incurved triangular or lobed processes. Ordovician to 
Trias. Ex. C. quadrisulcatay Carboniferous. 

Tentaculites. Shell thick, solid, in the form of a greatly 
elongated cone, straight or slightly curved ; section circular, posterior 
extremity sharp or with a vesicular enlargement. Surface provided 
with prominent, transverse, parallel rings, and with transverse and 
longitudinal strisD. Ordovician to Devonian. Ex. T, anglicusy Bala 
Beds. 

SUB-ORDER II. PULMONATA. 

The mantle-cavity is modified to form a lung. There 
is no gill. The Pulmonata are mainly land and fi:esh- 
water forms. 

Iiimnsea. Shell spiral, thin, horny; last whorl very large, 
spire sharp. Aperture large, oval, rounded in front. Columella 
more or less twisted. Peristome sharp, entire. Purbeck Beds to 
present day. Lives in fresh water. Ex. L. stagnalisy Pliocene to 
present day ; L. longiscatay Headon Beds, etc. 

Planorbis. Shell discoidal, horny, whorls numerous. Aper- 
ture oblique; peristome simple, sharp. Jurassic to present day. 
Freshwater. Ex. P. corneiLS, Red Crag to present day; F. euom- 
phcdvSy Headon Beds, etc. 
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Helix. Shell variable — conical, discoidal, or globular; with or 
without an umbilicus; aperture oblique. Peristome simple or re- 
flected. Eocene to present day. Lives on land. Ex. H. nemoraliSy 
Pleistocene and living. There are numerous sub-genera. 

Distribution of the Gasteropoda. 

Some of the Gasteropoda live on land, others in firesh 
water, but the majority are marine ; they are found in the 
seas of all parts of the world but are especially abundant 
in warm regions and in comparatively shallow water. A 
few forms can exist both on land and in water, e.g, 
Ampullaria, which commonly lives in lakes and rivers, 
and is also found on land. Some marine genera, such 
as Littorina, Gerithium, and Purpura, are able to live in 
fresh as well as in salt water; on the other hand some 
freshwater forms are at times found living in the sea, 
e.g. Lirnncea, Neritina, Bithynia, and Planorbis; this is 
especially the case in places where the water is less salt 
than the main mass of the ocean, as for instance in the 
Baltic, where we find the genera just mentioned living 
side by side with Littorina and with the marine lamelli- 
branchs Gardium, Tellina, and Mya. Two divisions of the 
Gasteropoda are entirely marine, viz. the Isopleura and 
Opisthobranchia ; the Streptoneura (or Prosobranchia) are 
mainly marine. Nearly all the Pulmonata are found on 
land or in fresh water. 

In connexion with the Gasteropoda a few words may 
be said with regard to the distribution of the marine 
MoUusca generally. Some forms live in mid-ocean at 
or near the surface; these include the Pteropods, the 
Heteropods and a few other Gasteropods, as well as many 
Dibranchiate Cephalopods. Others live on the sea-bottom 
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and are found at almost all depths, but are much more 
abundant in shallow than in deep water. The deep-sea 
species have a wide geographical range, owing to the 
uniformity of the conditions under which they live. The 
MoUusca which occur in moderate depths have a smaller 
range and are distributed in regions or provinces, limited 
mainly by conditions of climate. Each province is marked 
by the abundance of certain genera and by the presence of 
some species which do not extend into other provinces; 
but they are not separated by any sharp line, and very few 
genera are confined to any one province. In the European 
region the chief provinces^ are: the Arctic, which includes 
the polar seas and extends as far south as the north of 
Iceland and the North Cape ; the Boreal, extending fi:om 
the last, down to near the southern end of Norway and 
including the Shetland Islands ; the Geltic, including the 
coasts of Southern Sweden, the Baltic, Denmark, Northern 
France and the British Isles; and the Lusitanian, com- 
prising the coasts of the Bay of Biscay, Portugal, the 
Mediterranean, and North-west Afi-ica. In each province 
the character of the moUuscan fauna also varies with the 
nature of the sea-bottom, some genera (e.g. Mya, Lutraria, 
Scrobicularia) being found especially on muddy bottoms, 
others (e.g. Natica, Turritella, Gyprvea, Gardium) on sandy, 
and yet others (e.g. Bitccinum, Littorina, Patella, Area) on 
rocky. 

The distribution of the MoUusca varies also with the 
depth of the sea, due to temperature (which as a whole 
decreases with the depth), to pressure, and to the gradual 
disappearance of light; in this respect five zones have 
been traced: — 

^ For a map of the provinces see Woodward's Manual of the MoUusca, 
or Fischer's Manuel de Conchy liologie. 
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(1) Littoral Zone, extending between high and low 
water marks ; in Europe this is ^specially characterised 
by the abundance of the genera Littorina, Trochiis, 
Patella, Hydrobia, Haliotis, Fissurella, Solen, Mya, 
Donax, and Cardium. 

(2) Lammarian Zone, ranging from low water down 
to about 14 fathoms; in it algae {Laminaria, etc.) are 
particularly luxuriant, and afford food for numerous phyto- 
phagous moUusks. Some of the commonest genera met 
with are Trochus, Nassa, Rissoa, and Ostrea. Nudibranchs 
are also very numerous. 

(3) Zone of Nullipores or Corallines, from 14 to 
about 35 fathoms, where the calcareous algae (Corallinaceae) 
are very abundant. It is characterised by the abundance 
of Pleurotoma, Fusus, Ghrysodomus, Buccinum, Natica, 
Eulima, Venus, Dosinia, Astarte, Nucula, Area, Lima, 
and Pecten, 

(4) Zone of Brachiopods and deep-sea Corals, from 
35 to about 230 fathoms; off Europe Oculina is the 
common coral; Brachiopods and Polyzoa are abundant. 
Some of the chief molluscs are Turritella, Odostomia, 
Dentalium, Tellina, Cuspidaria { = Necera), and Yoldia. 

(5) A byssal Zone, extending from the preceding down to 
the greatest depths at which life has been found. In this 
zone the shells are mostly thin, colourless, transparent, and 
of small size; it is especially characterised by numerous 
Scaphopods ; other common forms are Pleurotoma, Fusus, 
Actceon, Scaphander, Philine, Area, Nucula, Limopsis, 
Nuculana ( = Leda), Lima, and Pecten. The remains of 
Pteropods which have fallen from the surface of the ocean 
after death are often numerous. 
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In the fossil state gasteropods are less abundant than 
lamellibranchs, although they exceed them at the present 
day. The earliest forms occur in the Lower Cambrian 
{Olenellus Beds) and are referred to the genera Scenella, 
Stenotheca, Platycera^, and Raphistoma, Throughout the 
Palaeozoic formations the holostomatous Streptoneura are 
the predominating forms; no gasteropods with well- 
developed siphons are known to occur until the Trias is 
reached, bat siphonostomatous genera become abundant in 
the Oolites, still more so in the Cretaceous, and in the 
Tertiary they are the principal forms. The other divisions 
are not nearly so well represented as the Streptoneura. 
The Isopleura range from the Ordovician to the present 
day, but are rare as fossils. The Heteropoda are repre- 
sented by a few forms only, the first occurring in the 
Miocene. The Opisthobranchia range from the Carboni- 
ferous to the present day; they are moderately well 
represented in the Jurassic and Cretaceous formations, and 
become more abundant in the Tertiary. The Pulmonata 
are first found in the Carboniferous, but they are rare until 
the Tertiary is reached. Forms which have been regarded 
as Pteropods occur in the Lower Cambrian, and also in 
later Palaeozoic formations, but, as already mentioned, the 
affinities of some of these {Hyolithes, Gonulariay Tentacu- 
lites) are somewhat doubtful ; a more probable representa- 
tive of the Pteropods (closely resembling the living Styliola) 
occurs in the Silurian and Devonian. Undoubted remains 
of Pteropods are found in the Upper Cretaceous and later 
formations. 

The most important genera of Gasteropoda found in 
the different systems are : — 

Cambrian. Scenella, Platyceras, Raphistomay Bellerophoriy Stra- 
paroUina, Ophileta, ffyolithes, ContUaria. 
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Ordovician. Bellerophon, ffolopcea, Ci/clonema, Madwrea^ Conn- 
laria, Tentaculites, 

Silurian. Fleurotomaria, Murchisontay Bellerophon, Euomphalus^ 
OmphaZotrochus, Holopoeay Cyclonema, Holopella, Platyceras^ Conu- 
laria. 

Devonian. Pleurotomaria, Murchisontay Bellerophony Loxonema, 
EiiomphaluSy Macrochilina, Tentaculites, 

Carboniferous. Pleurotomaria, Murchisoniay Belleropkon, Loxo- 
nemay EuomphaXuSy NaticopsiSy Macrochilinay Convlaria, 

Permian. Pleurotomariay Murchismiiay LoxonemUy Macrochilina. 

Trias. Pleurotomariay TrochuSy Loxonemay Scala {=^ Scalaria), 
NaticopsiSy Naticay Turritella, 

Jurassic. Pleurotomariay Amberleyay CirruSy TrochuSy Naticay 
Psevdomelaniay Bourguetiay Nerineay Cerithiurriy Alaria, Malapteray 
Purpurina, Purpuroidea. 

Cretaceous. Pleurotomariay Solariurriy TurriteUay Naivcay Vivi- 
parus { = PaludinM)y Cerithium, Scala {=Scalaria)y Aporrhais, Avel- 
lana. 

Eocene. Xenophora {=^Phorus)y CaZyptroeay Naticay Melanatria, 
TurriteUay Gerithiumy Rostellariay HippochreneSy Rimdlay Aporrhais, 
Cyprceay CassiSy Cassidariay Lotorium { = Triton)y Fusus, Pisdnia, 
Pyrvlay MureXy TyphiSy Volutay Olivay Ancilla {= AncfUlaria)y Can- 
cellaritty Plev/rotomay Conns. 

Oligocene. Neritay Neritinay Naticay Viviparus { — Paludina), 
Melaniay MelanopsiSy Gerithiumy PotamideSy MureXy FusvSy AncUlay 
Pleurotormiy Limnoeay Planorbis, Rissoay Helix y Amphidromv/s. 

Pliocene. ^ Em^arginulay TrochuSy Scala, TurriteUay Naticay LU- 
torin^iy CapuluSy Gerithiumy Buccinumy Liomesus {=^Buccin>opsis)y 
TritonofusuSy ChrysodomuSy Nassay Purpuray FusttSy Pleurotomay 
Actceon. 

CLASS III. SCAPHOPODA. 

The Scaphopoda include only a few genera, which in 
some respects resemble the lamellibranchs, and in others 
the gasteropods. The body is elongated, and bilaterally 
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symmetrical. The mantle is cylindrical and open at both 
ends; it secretes a straight or slightly curved tubular 
shell which is also open at both ends. The foot is greatly 
elongated and can be protruded through the larger aper- 
ture of the mantle and shell. The animal is attached to 
the posterior part of the shell by means of a muscle ; an 
odontophore is present, but the head is not well marked, 
and eyes, gills, and heart are absent. The sexes are sepa- 
rate. An the scaphopods are marine, and they often live 
buried in sand or mud; some species occur at great 
depths. The earliest forms are found in the Ordovician 
rocks. 

Dentalium. Shell conical or sub-cylindrical, tapering poste- 
riorly, slightly curved. Anterior aperture simple, not constricted ; 
posterior aperture smaller, without a fissure. Surface ornamented 
with longitudinal striae or ribs. Eocene to present day. Ex. D, 
dephantinvm^ Becent. Forms closely allied to Dentalium occur in 
many Falaoozoic and Mesozoic formations. 



CLASS IV. CEPHALOPODA. 

The Cephalopods are entirely marine and are more 
highly organised than any of the other molluscs; well- 
known living forms are the cuttle-fishes, the squids, the 
paper-nautilus and the pearly nautilus, whilst amongst 
extinct types are belemnites, ammonites, and goniatites. 
Existing forms are always bilaterally symmetrical. The 
head is well marked and is separated fi*om the body by a 
constriction ; it is especially characterised by the presence of 
a circle of arm-like or lobe-like processes around the mouth 
(fig. 93 e, /) ; these processes are provided either with 
sucking-discs or with tentacles, and are used for seizing 

w. p. 16 



242 MOLLUSCA, CEPHALOPODA. 

food and in locomotion. Behind the head is a muscular 
tube termed the funnd (d), which opens in fixint to the 
exterior, and behind into the mantle-cavity (c); this may 
be either a perfect tube or may be formed by the apposi- 



h I " 
Fro. 93. Diagram of a vertical median antero-poeterior eeclion of Sepa 
oi?!ctniilti. a, shell; b. month of mantle-cavity; c, mantle-cavity; 
d, fonnel ; e, arms ; /, long arm ; g, the upper beak or jnw ; h. the 
lower beak or jaw; i, odontophore; i, the viBcero -pericardial sac; 
I, the nerve-oollor ; tn, the crop; n, the gizzard; o, the anne; p, left 
gill; q, ventricle of the heart; r, renal glandolar masB; e, left 
nephridial aperture; (, viBcaro- pericardial aperture; «, branchial 
heart; w, ink-aao. (After LaukeBter.) 

tion of two trough-like lobes. By some authors the arms 
or lobes around the mouth are regarded as the fore-foot, 
and the funnel as the mid-foot, the hind-foot being absent. 
Others, however, consider that the funnel alone represents 
the foot. The name Cephalopoda is due to the former 
view — that the foot has grown round the mouth and is 
divided up into arms or lobes. The part of the body near 
the mouth and funnel is regarded as the ventral surface, 
and the opposite end as dorsal. 

On the upper surface of the head there are two large 
eyes, which, except in Nautilus, are almost as highly 
developed as in vertebrate animals. The mantle is formed 
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by a single fold of the skin, which passes quite round the 
body of the animal ; on the anterior (upper) surface the 
fold is very shallow so that the mantle-cavity exists mainly 
on the posterior (under) surface. The feather-like gills 
(p) are placed in the mantle-cavity; in the Dibranchs 
(cuttle-fishes, etc.) there is one pair, in Nautilus there are 
two. A current of water flows in at the sides of the 
mantle-cavity, and can be forced out through the fiinnel 
by means of the contraction of the walls of the mantle- 
cavity. In the Dibranchiate Cephalopods there is a gland, 
known as the ink-sac (w), which secretes a black fluid 
(sepia); the duct fi'om this gland opens with the anus 
(o) into the mantle-cavity; the ink is ejected at times 
and passes out through the funnel, rendering the water 
cloudy, and by this means facilitating the escape of the 
animal fi'om its enemies. Just within the mouth there 
are two jaws (g, h) which have the form of a parrot's beak, 
and are either homy or calcareous. An odontophore (i) is 
also present, but the arrangement of the teeth is less 
variable than in the gasteropods, and is of little value for 
systematic purposes. 

The heart consists of a median ventricle (q), and of 
lateral auricles, which are either two or four in number, 
according as there are two or four gills; it gives off in 
fi-ont an artery to the head, and one behind to the viscera. 
The nervous system is remarkable in that the ganglia 
are placed close together, forming a central mass (I); one 
part is placed above the oesophagus, and is connected by 
cords with the other part beneath it. This central nervous 
system is covered by a cartilaginous ring and gives off 
nerves to the arms, viscera, etc. The sexes of the Cepha- 
lopods are always separate, and the genital ducts open 
into the mantle-cavity. In some forms there is no shell ; 

16—2 
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but when present it may be external (fig. 94) or internal 
(fig. 93 a); in the latter case it is usually pWed in a sac 
in the mantle on the antero-dorsal side. The Cephalopoda 
are divided into two Orders: — (1) Tetrabranchia, (2) Di- 
branchia. 

ORDER I. TETBABRANCHIA. 

The Tetrabranchia have four gills, and an estemal 
chambered shell. There are two Sub-Orders, (1) Nauti- 
loidea, (2) Ammonoidea. 

SUB-ORDEB I. NAUTILOlDEi. 

In Palaeozoic times the Nautiloid Cephalopods were 
very abundant, but at the present day the only repre- 




Fis. 94. Section of the shell of Naittilui pompititu. Recent, a, bodf- 
chamber; b, BOptam; c, septal neck; d, Biphunole. x}. 

aentative of the group is Nautilus, ifautilus possesses 
two pairs of gills, two pairs of auricles, and two pairs of 
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kidneys. An ink-sac is absent ; the funnel is not a com- 
plete tube, but is formed of two parts. Around the mouth 
are numerous lobe-like processes which are given off from 
the margin of the head ; these do not bear suckers, as is 
the case in the Dibranchs, but tentacles which can be 
retracted within sheaths. The jaws are calcified and are 
not uncommonly found fossil. 

A shell is present in all Nautiloids and is always 
external ; it consists of a tube, which tapers to a point at 
one end, and may be straight, arched, or spiral; in the 
spiral forms the whorls may be separate, or partly free, or 
in contact throughout ; in some cases they are placed all in 
one plane, in others they are arranged in a helicoid spiral. 
The cavity of the shell, unlike that in most gasteropods, 
is not continuous throughout from the aperture to the 
apex, but is divided up into a number of chambers by 
means of partitions termed septa (fig. 94 6); the size of 
the chambers increases towards the aperture of the shell. 
The body of the animal is placed in the last chamber (a), 
to the walls of which it is attached by muscles ; on the 
inner side of the whorl, next the last septum, are two oval 
muscles which leave faint impressions on the shell ; these 
muscles are connected both above and below by a band of 
fibres called the annulus, which also leaves a mark on the 
shell. In Nautilus the funnel is placed at the external 
margin of the aperture, so that this part of the last cham- 
ber is regarded as ventral. 

It is usually stated that all the earlier chambers are 
filled with air only, but according to some writers they 
contain liquid. Originally, of course, the animal lives in 
the earlier part of the shell, but as growth goes on, it 
successively withdraws towards the aperture, each time 
depositing behind it a septum and thus forming a new 
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chamber. All the chambers are traversed by a tube known 
as the siphuncle (d), which is given off from the dorsal end 
of the body. The position of the siphuncle varies in dif- 
ferent genera ; in Nautilus it pierces the septa at or near 
their centres ; in others it may be near the external mar- 
gin or near the internal margin of the whorl. In the 
modem Nautilus the siphuncle is membranous, except 
that it is coated with calcareous granules; but in most 
fossil Nautiloids it was completely invested by a calcareous 
tube. The interior of the siphuncle is frequently partly 
filled up with calcareous deposits. The septa are often 
prolonged in the form of funnels around the siphuncle, so 
• as to more or less completely insheath it. These funnels 
are termed septal necks (c); in nearly all the Nautiloidea 
they are directed backwards. 

The aperture of the shell has, in some caSes, a simple 
margin, being either straight or slightly curved; in others, 
processes may be given ofi" from the external margin or 
from the sides; in Nautilus there is a sinus at the external 
margin where the funnel occurs. In a few forms (e.g. 
Goviphoceras, fig. 96) the aperture is constricted. The 
line where the edge of the septum unites with* the outer 
or tubular part of the shell is known as the suture; ob- 
viously this will only be seen when the shell is removed ; 
but fossil forms frequently occur as casts and in these the 
sutures are admirably shown. One of the chief characters 
of the shell in the Nautiloidea is the simple form of the 
sutures ; usually they are either straight or only slightly 
undulating. 

The shell which covered the embryo in the Cephalopoda 
is known as the protoconch^; in the Nautiloidea this is 

^ This corresponds to the protegulum of the Brachiopods and to the 
prodissoconch of the Lamellibranchs. 
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seldom preserved, probably on account of its delicate nature. 
If the shell of a Nautilus be sliced in two there will be 
seen at the centre a space which was probably occupied by 
the protoconch. At the apex of the first chamber will be 
found an opening which is usually slit-like and surrounded 
by either a rim or a depression; this opening probably 
served to connect the protoconch with the first chamber. 
The siphuncle commences in the first chamber as a closed 
tube. In a few specimens of Orthoceras indications of 
the protoconch have been found at the apex of the 
shell. 

Orthoceras. Shell straight or occasionally slightly curved, 
conical ; transverse section usually circular. Septa simple, concave ; 
body-chamber large ; aperture not contracted or produced into lobes. 
Siphuncle usually slender, cyHndrical, and central, but sometimes 
sub-central or ex-central. Ornamentation variable. Orthoceras is 
divided into several sub-genera. Tremadoc Beds to Trias. Ex. 0. 
annvlatum^ Wenlock Limestone ; 0, goldfusdanum^ Carboniferous 
Limestone. 



Actinoceras (fig. 95). Similar to the preceding, but the 
siphimcle is large and is inflated 
between the septa so that each 
segment is spheroidal, and con- 
tains in the interior a large 
amount of calcareous deposit. In 
the centre of the siphuncle is a 
small tube known as the endo- 
siphon {d)y from which radiating 
tubes (c) are given off between 
the septa and pass to the si- 
phimcle. Ordovician to Carboni- 
ferous Limestone ; in England 
chiefly Carboniferous. Ex. A. 
giganteum^ Carboniferous Lime- 
stona 




b c d 



Fia. 95. Diagrammatic section 
of a portion of the shell of 
ActiTMceras. a, septum ; &, 
siphuncle ; c, canals from en- 
dosiphon ; d, endosiphon. 
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Gomphoceras (fig. 96). Shell ovaJ, short, straight or slightly 
curved ; section nearly circular ; 
body-chamber very large, aper- 
ture contracted, T-shaped. Septa 
close together. Siphuncle sub- 
cylindrical or beaded, sub-central, 
placed nearer the more convex 
side of the shell. Surface smooth 
or with transverse ribs or striae. 
Silurian (perhaps also Ordovician, 
Devonian and Carboniferous). 
Ex. G, ellipticum. Lower Lud- 
low. 




Fig. 96. Aperture of Gom/phoceras 
bohemicum from the Silurian. 
(From Woodward.) Natural size. 



Phragmoceras. Similar to the last (by some authors in- 
cluded in it) but curved, rapidly increasing in diameter, laterally 
compressed, section oval ; siphuncle near the inner (concave) margin. 

Silurian. Ex. F. hrodervpi. 

• 
Ascoceras. Shell a little curved ; the earlier part (which is 
rarely found) is like Orthoceras, but with the septa more widely 
separated. The later formed part is sac-like and a little more 
convex on the outer than on the inner side ; the body-chamber 
occupies most of the outer side ; the septa join together and then 
bend round and divide again before reaching the inner side of the 
shell ; the siphuncle of this part is very short. Ordovician, but 
chiefly Silurian. Ex. A. bohemicum, Silurian. 

Cyrtoceras. Similar to Orthoceras but always curved : never 
forming a complete volution ; section usually elliptical or ovaL 
Siphuncle small, cylindrical or bead-like, usually sub-marginal and 
usually near the convex side of the shell. Cambrian to Carboni- 
ferous. Ex. C, lineatum, Devonian. 

Poterioceras. Shell fusiform, slightly curved, inflated in the 
middle, contracted at both ends, but especially at the apical end. 
Section elliptical in the adult. Siphimcle sub-central or marginal, 
inflated between the septa. Last chamber large, aperture simple, 
contracted. Ordovician to Carboniferous. Ex. P. frmforme. Car- 
boniferous Limestone. 
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Nautilus (fig. 94). Shell more or less globose, spiral, whorls 
few, coiled in one plane, and more or less embracing. Umbilicus 
usually small or absent. Last chamber much larger than the pre- 
ceding one, aperture simple, with an external sinus. Septa concave, 
sutures more or less undulating. Siphuncle central or sub-central, 
septal necks short and directed backwards. Surface of shell smooth 
or ornamented with striae or ribs. Trias ^ to present day. Ex. j^. 
pompilius^ Recent ; N. psevdolineatus, Inferior Oolite. 

Discites (=Di8€itoceras). Shell spiral, compressed, discoidal; 
whorls quadrangular, increasing in size gradually, sometimes a little 
embracing, with the external margin flat or grooved. The last part 
of the shell is separated from the preceding whorl for a short 
distance. Carboniferous Limestone. Ex. 2>. compressus. 

Aturia. Shell discoidal, whorls compressed, completely em- 
bracing, with rounded external margin ; suture-line zigzag, with 
a deep angular lobe on each side. Siphuncle on the internal margin ; 
septal necks very long, completely covering the siphuncle. Eocene 
and Miocene. Ex. A. zic-zac^ London Clay. 



SUB-ORDEE II. AMMONOIDEA. 

The Ammonoids are quite extinct and include the 
ammonites, goniatites, etc. The shell is generally coiled 
into a plane spiral, and as a rule the sutures show com- 
plicated patterns (fig. 97). The siphuncle is placed at the 
margin of the shell — usually at the outer, but occasionally 
at the inner margin; and it does not contain internal 
calcareous deposits. The septal necks in most of the 
ammonites are directed forwards, except on some of the 
earliest septa ; in Glymenia, on the other hand, they point 
backwards as in the Nautiloids; and in the goniatites a 

^ The species found in the PalaBOzoic formations which have usually 
been regarded as constituting sub-genera of Nautilus (e,g, Discites, 
PleuronautiluSi Galonautilus, Temnocheilus) are considered by recent 
writers to be distinct genera. 
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small collar-like part projects in front of the septum, but 
the main part of the septal neck extends backwards. 

The form of the sutures varies considerably in different 
genera and is of great importance for systematic purposes. 





Fig. 97. -4, suture of an Ammonite (Parkinsonia parkinaoni) from the 
Inferior Oolite. B, suture of Ceratites nodosusj from the Muschel- 
kalk. I, external lobe ; 1 Z, 2 ly superior and inferior lateral lobes ; 
alj auxiliary lobes; s, external saddle; Is, 2«, superior and inferior 
lateral saddles ; aSf auxiliary saddles. In each case the straight line 
on the left represents the position of the siphuncle, and the curved 
one on the right the line of contact with the next whorl. 

The central part of each septum is flattened or slightly 
curved, but the edges become folded or even frilled, often 
giving rise to very complex sutures; by this means greater 
support is afforded to the outer tubular part of the shell 
than is the case in the Nautiloids where the sutures are 
simple. The portions of the suture which are convex 
towards the mouth of the shell are termed the saddles 
(fig. 97 s)j while the intervening concave portions are 
known as the lobes (I). In many forms the lobes and 
saddles exhibit secondary foldings, which may be slight, 
producing merely a denticulate structure, or may be deep 
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and provided with other araaller foldings, giving a folia- 
ceous appearance to the suture. The lobes and saddles 
are similar on the two sides of the shell i commonly there 
is first the external lobe (fig. 97 I) at the external margin, 
then the superior and inferior lateral lobes (1 1, 2 I), and 
near the inner margin other lobes known as auxiliary 
lobes (at) may occur ; on the internal margin (opposite to 
the external lobe) ia the internal lobe. The saddles are 
arranged in a similar manner; there are the external saddle 
(s), the lateral saddles (1 s, 2 s), and auxiliary saddles (as). 
The form of the successive sutures remains practically 
constant on the adult part of the shell, but on the younger 
parts the sutures are less complex. The suture of the 
first septum may be straight or only slightly curved, as in 
the Nautiloids ; or it may show a broad external saddle ; 
or a narrow external saddle with a lateral lobe on each 
side. In the second and later septa the sutures become 
successively more folded, until the adult form is attained. 

The protoconch 'of the Ammonoids, unlike that of the 
Nautiloids (p. 246), is often preserved; it is formed of cal- 
careous material and is spherical or ovoid in shape. The 
siphuncle commences in the first chamber of the shell. 

In the last chamber of some ammonites and goniatites, 
and in Baculites and Scaphites, 
a pair of calcareous plates, 
known as the aptychus (fig. 
98), are occasionally found; 
in shape they are triangular 
or nearly semicircular; the 
margins where the two plates 

are in contact are straight, ^^^ gg AptychuB ot an ammo- 
the others curved. Since in nite, from the Oiford Clay, 

one ammonite an aptychus 



1 Woodward.) 
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was found closing the aperture of the shell, it is probable 
that it is an operculum (p. 220). A similar structure, but 
consisting of chitin, and with the two plates united, is 
sometimes found in the last chamber of ammonites. 

When the shell is coiled in a plane spiral, its appear- 
ance depends mainly on whether the later whorls grow 
round the earlier, or are simply in contact with them ; in 
some genera (fig. 102) the last whorl completely conceals 
all the previous ones, but in others (fig. 104) all the whorls 
are visible. In the latter case the umbilicus — which in 
these forms is present on both sides of the shell — is very 
large. The surface of the shell may be smooth or orna- 
mented with striae, ribs, tubercles, or spines. In some of 
the ammonites (fig. 107) the external margin of the shell 
is provided with a ridge or keel, and in these forms the 
ribs of the two sides are not continuous. The keel may 
be smooth or toothed. The aperture of the shell is 
fi'equently produced into lobes at the sides, or into a 
pointed projection at the external margin (figs. 107, 108). 

The character of the ornamentation varies at dififerent 
periods in the life of the individual, and by examining the 
early parts of the shell it is possible to trace out the 
changes which occurred during growth, from the embryonic 
protoconch up to the adult. From a study of these changes 
which take place during development (ontogeny) some 
authors have attempted to trace out the phylogeny of 
various tjrpes of Ammonoids (see page 13). As in the case 
of the Brachiopoda (p. 160) it has been found that some 
forms, which in the adult state appear to be identical, 
have passed through dififerent stages in development, 
suggesting that they have descended from dififerent 
ancestors. Similarly, as already mentioned, changes may 
be seen in the form of the sutures when traced fi:om the 
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beginning of the first whorl to later parts of the shell. 
These changes have also been used in the endeavour to 
work out the phylogeny of Ammonoids, and it has been 
suggested that dififerent groups of ammonites have de- 
scended fi:om various types of goniatites. 

Since the Ammonoids are extinct and their soft parts 
unknown it is impossible to determine what number of 
gills they possessed ; consequently their reference to the 
Tetrabranchia cannot be definitely established. As, how- 
ever, the shell agrees closely in structure with that of 
the Nautiloids, and the animal lived in the last chamber, 
to which it was fixed by muscles having similar forms and 
positions to those found in Nautilus, we may regard the 
Ammonoids as most probably Tetrabranchs. The proto- 
conch, however, dififers fi'om that of the Nautiloids and 
presents some resemblance to the protoconch of certain 
Dibranchs (page 264). 

Clymenia. Shell discoidal ; whorls numerous, more or less 
flattened, all visible, but each partly embracing the preceding one ; 
the last chamber is long, generally occupying three-quarters of the 
last whorl. Aperture with a sinus at the external margin. Sutures 
with a simple wavy or angular lateral lobe, a lobe at the internal 
margin (below the siphuncle) and a saddle at the external margin. 
Siphuncle on the internal margin ; septal necks directed backwards. 
Surface usually ornamented with transverse striae. Upper Devonian. 
Ex. C, laevigata^ C, undulata, C. spedosa. 

Anarcestes^. Shell almost discoidal, with a wide umbilicus, 
and broad, rounded external margin. Body-chamber long ; aperture 
with a deep external sinus. Sutures very simple ; the external lobe 
funnel-shaped and not divided by a saddle ; lateral lobe very flat. 
Siphuncle 2 at the external margin ; septal necks long, directed back- 

^ This and the two foUowing, with several other genera, have usuaUy 
been grouped together under the name Goniatites; but the differences 
exhibited by these forms (especially in their sutures) are so great that 
they can no longer be regarded as belonging to one genus. 

^ In all the following genera the siphuncle has this position. 
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warda. Body-chamber long. Devonian. Ex. A. ptebetut, Lower 
and Middle Devonian. 

Olyphloceras (fig. 99). Shell smooth or striated, whorls 
generally large and embracing, with rounded external margin ; um- 



A B 

Fio. 99. Qtyphioceraa >pk<eriaim, bom the CarboDiferonB Limestone. 
The ehell has been disBolved exposing the sntures. A, Bide view. 
S, view Bhowiug aperture with the siphunole at the eitemal (upper) 
margin. (From Woodward.) x |. 

bilious small or absent. Septal necks short, directed backwards but 
usually ako with a small part projecting forwards. External lobe 
divided by a saddle ; external 
saddle narrow ; lateral lobe angular 
and deep ; lateral saddle broad, 
rounded, and undivided. Carboni- 
ferous. Ex. 0. ephcericwm, G. cre- 
nittria. Carboniferous Limestone. 
Prolecanites. Shell smooth 
or striated, flatt«ned, with a tai^ i 
umbilicus. Lobes and saddles 
numerous. External lobe not di- 
vided ; lateral lobes sharp ; lateral 
saddles narrow and rounded. De- 
vonian and Carboniferous. Ex. 

P. compresem (^ = hendowi). Car- Pio. 100. CeratiUinodotvt.ftatD 
boniferouB Limestone. the Musohelkalk. The sheU 

has been removed, eipoaing 
the ButureB. x \. 
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bercles on the sides, external margia broad; umbilicus large; body- 
chamber short. Saddles rounded, lobes denticulate ; external lobe 
broad and short. Trias, especially Muschelkalk. Ex. C. nodotm, 
Muschelkalk. 

Trachyceras'. Shell flattened, highly ornamented with ribs 
which bear tubercles or spines arranged in spiral rows ; at the external 
margin is a groove ; umbilicua generally small Body-chamber short. 
Sutures simple, lobes and saddles toothed. Trias. Ex. T. aon. 

Ol^noticeraa. Shell much flattened ; umbilicus small ; ex- 
ternal mai^n sharp or keeled ; surface smooth or striated. Sutures 
not deeply divided ; external saddle Jai^, divided ; auxiliary lobes 
present. Lias to Lower Cretaceous. Ex. 0. oxynotum. Lower Lias. 

Amaltheufl. Shell flattened, provided with a keel, which is 
usually toothed but sometimes sharp ; umbilicus generally small ; 
surface smooth. Aperture with a long process at the external 
mai^in. Lobes and saddles deep and much divided, with several 
auxiliary lobea. Jurassic. Ex. A. margaritatm. Middle Lias. 

CardloceraB (fig. 101). Form similar to the last. Shell with 
strong curved ribs which bifurcate, 
and bend forward near the exter- 
nal edge joining the notched keel. 
Internal lobe with a single point. 
KeUaways Bock and Oxfordian. 
Ex, C. cordatwm, Oxfordian. 

ArceateB. Shell smooth or 
striated, nearly globular, with thick 
whorls ; umbiUcuB small or absent ; 
aperture without lateral projec- 
tions ; body-chamber very long. 
Lobes and saddles numerous and 
foliaceouB, arranged in a straight 
row and gradually decreasing in 

' This and the following genera, which are ooiled in a plane spiral, 
and have the siphuncle external, with the septal ceokB ueuall; directed 
forwards in the adult, were foi'merly regacded as constituting a single 
genus — AmmcmiUi. The geneia now adopted are founded mainly on the 
form and ornamentation of the shell, the chuaq(«f of th^ sutures, uid 
the lei:^!(h of the body-chamber. 
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size from the external to the in- 
ternal margin ; there are two 
lateral lobes and many auiiliary 
lobes. Trias. Ex. A. intuilabia- 
ftM. Upper Triaa. 

PhylloceraB (figs. 102, 103). 
Shell smooth or with, fine stride or 
gentle folds {never with tubercles) ; 
external margin rounded ; umbili- 
cus Tery small or absent. Saddles 
and lobes numerous ; saddles 
divided, the extremities being 
rounded ; auxiliary lobes nume- 
rous. Jurassic to Cretaceous. Ex. 
P, heterophyUuTO, Upper Lias. 



FiQ. 102. PhyOoctrai heterophi/t- 
lion, from the Liaa. A part 
ot the Bhell haa been removed 
to expose the HDlares. x }. 




Fia. 103. Sutiii« line of Phylioceriu heteropkyllmn, trota the Liaa. The 
arro'v indicates the position of the slphnnole and points towards the 
aperture of the Bhell. (From Woodward.) Natural size. 

Lftoceraa (Sg. 104). Shell 
ornamented with ribs, and often 
with laminar projections (varices) 
placed at intervals. Whorls 
rounded, and only aUghtly or not 
at all embracing ; aperture usually 
simple. Suture-line deeply and 
finely divided, consisting of an ex- 
ternal lobo, two lateral lobes, and 
a narrow internal lobe; of an 
external saddle and two lateral 
saddles. The lateral lobes and 
saddles nearly or quit* symmetri- 
cally divided. Lias to Cretaceous. 
Ex. L. jmbriatvm, Middle Lias. 
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HamiteB. Shell bent upon iteelf three times, the parts not in 
contact ; the last chamber loag. Suture-line similar to Lytoceraa, 
with the lateral lobes deeply divided. Surface smooth, or orna- 
mented with ribs, tubercles, or spines. Lower Greensand to Chalk. 
Ei. H. m.am.mvx, Gault. 

Hacroscaphltes (fig. I05). Similar to Lytoceroi. DisGoidal ; 



Fi8. 106. MiwTMcapftiies iiianf, from the Lower Cretaoeoua. v.\. 

whorls only slightly embracing, the last produced and then bent 
back in the form of a hook. Lower Cretaceoua. Ex. if. mtret, M. 
gigcu. Lower Cretaceous. 

TurrlliteB. Shell spiral, turreted, usually sinistral, all the 
whorls in contact. Sutures aimilar to Lytocerat. Surface oma^ 
mented with ribs or tubercles. Gault to Chalk. Es. T. costatoi. 
Chalk. 

BacuUtea. Shell straight (except a small spiral part at the 
apei, which is the first-formed part of the shell), elongate-conical, 
elliptical in section; last chamber large, aperture produced at the 
outer (siphonal) margin. Sutures with the lobes symmetrically 
divided. Upper Cretaceous. Ei. B. vertebralw (=/aiy'(Mt), Chalk, 

PBiloceras. Shell discoidal, umbilicus large ; whorls ia- 
cpeasing in size very slowly, eiternal border rounded or with a very 
small keel ; surface smooth or striated, occasionally with ribs. 
Body-chamber large. Sutures not much divided. Lower Lias. 
Ei. P. pta/rtorbe. 

ArietiteB. Shell discoidal, umbilicus large, whorls numerous, 
only slightly embracing; with the external border flattened and 
provided with a keel having a groove on each side of it. Surface 
w. P. 17 
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with atrong simple ribs, which are straight or bent near the margin, 
and may bear tuberclea. Body-chamber occupying from one to one 
and a quarter whorls. Sutures much divided, with two lateral 
lobes and one auxiliary lobe. Lower Lias. Ex. A. bixidcatui. 

Bchlothelmia. Shell flat, discoidal, umbilicus usually large. 
Eibs strong, curved, often bifurcated in the adult, bending forward 
at the external margin, where they meet at an angle, but are often 
interrupted by a shght furrow or 
smooth band at the mai^n. Su- 
tures deeply divided ; superior- 
lateral lobe generally deeper than 
the external lobe; three or four 
auiiliary lobes. Lower Lias. Ex. 
^S*. angvlata. 

JKgoceras (fig. 106). SheU 
discoidal, with a large umbilicus; 
whorls rounded without a keel, 
ornamented with simple ribs which 
are continuous over the external 
margin. Lobea much divided ; 
superior-lateral lobe larger than the others. Lias. Ea. jE capri- 
ewnwm. Lower and Middle Lias. 

Harpoceras (fig. I07). Shell flattened, with a prominent 
even keel having a shallow furrow 
on each side; umbilicus small or 
of moderate size. Sides of shell 
with sickle-shaped undivided ribs. 
Aperture with projections. Su- 
tures strongly divided ; superior- 
lateral lobe deep. Lias. Ex. H. 
eerpentin-am, Middle and Upper 

Hlldoceras. Similar to the 
last. Whorls low, suhquadrate in _ _ 

seotion,with broad external margin 
and usually a deep furrow on each 
side of the keel. Umbilicus wide. Ribs distinctly sickle-shaped 
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in most cases. Upper Lias aad base of Inferior Oolite. Ex. H. 
bi/rotu. 

Dactylloceras. Whoria numerous, only a little embracing, 
without a keel ; umbilicus large. Bibs numerous, at fii'st straight, 
afterwards bifurcating, continued over the external margin; without 
tubercles. Body-chamber long. Sutures moderately divided; ei- 
ternal lobe larger than the superior-lateral. Upper Lias and lower 
part of Inferior Oolite. Ei. J), commune^ Upper Lias. 

Stepheoceras { = St^hanooeras) (fig. 108). Whorls thicker 
than high, external margin rounded, without a keel. Umbilicus 
lai|[e. Surface with straight ribs, which bifurcate on the sides of 
the whorb and often bear tubercles where they bifurcate. Body- 
chamber long. Aperture often with lobes. Sutures deeply divided ; 
estemal lobe large; inferior-lateral lobe and auxiliary lobes small. 
Inferior Oolite to Osfordian. Ei. 5. hvmpkrietiaTmm, Inferior 
Oolite. 



Fio, 108. StepheoccT: 

Hacrocephalltes. Shell without a keel, whorls largely em- 
bracii^, external margin rounded, umbilicus small. Ribs numerous, 
dividing near the umbilicus, continued over the external margin, and 
without tubercles. Aperture without lobes. Sutures deeply divided, 
with auxihary lobes. Great Oolite to Kellaways Book. Ex. M. 
macroc^halus, Combraah. 

PerlsphitlCtes. Shell discoidal,- external margin rounded; 
umbilicus generally lai^e. Ribs straight, continuous, bifurcatiag 
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once or more near the external border. Constrictions are often 
present at intervals on the whorls. Sutures much divided ; external 
and superior-lateral lobes large, inferior-lateral lobe small. In- 
ferior Oolite to Cretaceous. Ex. P. biplea^, Kimeridgian. 

Peltoceras. Umbilicus large ; whorls generally quadrilateral, 
with broad external margin, the inner whorls with numerous con- 
tinuous ribs, most of which divide near the external margin, across 
which they extend ; the later whorls with two rows of tubercles on 
tho sides, one near the outer, the other near the inner margin. 
Sutures moderately divided, with large external saddle. Kellaways 
Rock and Oxfordian. Ex. P. atkleta, same ranga 

Parkinsonia (fig. 97 A). Shell discoidal, umbilicus large ; 
ribs nearly straight, sharp, simple or bifurcating near the external 
border, but interrupted at the external margin by a groove. Aper- 
ture with processes from the sides. Body- chamber short. Sutures 
deeply divided ; external lobe a little larger than the superior-lateral. 
Inferior Oolite. Ex. P, parkinsoni. 

Cosmoceras. Shell flattened; umbilicus large. Bibs niunerous, 
bifurcating at the middle of the sides of the shell, where there is 
generally a row of tubercles, and ending in a tubercle or spine at 
the external margin ; sometimes with tubercles at the edge of the 
umbilicus. Body-chamber very short. Aperture with long lateral 
lobes. Sutures much divided ; the external lobe much shorter than 
the superior-lateral lobe ; there are several auxiliary lobes. Inferior 
Oolite to Lower Cretaceous. Ex. (7. jason^ Oxfordian. 

Hoplites. Shell flattened; umbilicus small. Ribs ciu*ved, 
bifurcating, and generally bearing near the umbilicus or at the 
middle of the sides a row of small tubercles; the external margin 
is flattened or deeply grooved. Sutures finely divided ; many 
auxiliary lobes. Cretaceous. Ex. H, splendens, H, interruptusy 
Gault. 

Acanthoceras. Whorls thick ; umbilicus large ; ribs simple 
or branching, with rows of tubercles at the sides and margin; 
external margin broad with a median row of tubercles. Saddles 
broad. Chalk. Ex. A. rhotomagense. 
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Crioceras. Shell coiled in a plane spiral ; the whorls not in 
contact. Surface ornamented with ribs which in some cases 
bifurcate and often bear tubercles and spines. Sutures with four 
lobes. Jurassic to Chalk. Ex. G. elUpticum^ Chalk. 

Ancyloceras. Like Crioceras, but the last whorl is produced 
in a straight line and then bent back in the form of a hook. Creta- 
ceous. Ex. A. spinigerum, Gault. 

Scaphites. Shell coiled in a plane spiral; the whorls in 
contact and embracing, except the last, which is detached from the 
spiral and then recurved in the form of a hook. Body-chamber long. 
Surface ornamented with bifurcated ribs which often bear tubercles. 
Sutures generally much divided, with several auxiliary lobes. Upper 
Cretaceous. Ex. >S'. ceqtuilis, Lower Chalk. 

Schlcenbachia. Shell with an umbilicus; external margin 
broad with a smooth keel; surface with strong ribs, which are 
slightly curved forwards and often bear tubercles. External and 
superior-lateral saddles broad ; one auxiliary lobe. Cretaceous. 
Ex. S, varianSy Lower Chalk. 

ORDEE IL DIBRANCHIA.. 

The Dibranchia are represented at the present day by 
the cuttle-fishes, the squids, the calamaries, octopuses, 
paper-nautilus, etc.; they are of much less importance 
geologically than the Nautiloids and Ammonoids, the only 
really common fossil form being Belemnites, Some of the 
modem cuttle-fishes attain a length of forty feet or 
more. 

The Dibranchia (fig. 93) have a sac-like or elongated 
body, and possess one pair of gills only; they have also 
one pair of auricles and one pair of kidneys. The number 
of arms is limited to eight or ten ; and on the inner side 
— ^that facing the mouth — they are provided with rows of 
sucking-discs, which sometimes possess homy hooks. The 
jaws are not calcified, and are consequently seldom pre- 
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served in fossil specimens. An ink-sac is always present, 
and is occasionally found fossil. The funnel is in the form 
of a complete tube. 

A skeleton is absent in some forms ; when present it 
is (except in Argonauta) internal, being enclosed by the 
mantle; it may be either homy or calcareous. In some 
cases (Sepia) it has the form of a flattened spoon-like 
body, known as the cuttle-bone, which is composed mainly 
of laminated calcareous material with spaces between the 
laminae, and occasionally at the dorsal end there is a trace 
of a small chambered portion. In the squids the skeleton 
is lamellar in form and consists of homy material ; it is 
termed the pen or gladiibs. The shell in the cuttle-fishes* 
and squids is placed on the antero-dorsal surface of the 
body in a sac formed by the mantle. In Spirula the 
shell presents some resemblance to that of a Tetrabranch, 
but is internal, being almost entirely covered by the 
mantle ; it is situated at the dorsal end of the body, and 
consists of a tube coiled in a plane spiral and divided up 
into chambers by means of septa, which are traversed by 
a siphuncle placed near the inner margin ; the coils of the 
shell are not in contact. In Belemnites the skeleton con- 
sists of a solid portion, the guard, and of a chambered part 
with a siphuncle. The shell in the paper-nautilus {Argo- 
nauta) is of quite a different nature to that found in 
other forms ; it is external and spiral but not chambered, 
and is said to be secreted mainly by the basal portions of 
the two anterior arms, but may be formed, in part, by the 
mantle; it is found only in the female, serving for the 
reception of the eggs. 

The Dibranchia are divided into two sub-orders: — 
(1) the Decapoda, (2) the Octopoda. 
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SUB-OBDER I. DECAPODA. 

There are ten arms, eight of equal length and two 
longer than the others : the suckers are stalked and are 
provided with a homy ring. The 
free ends of the two longer arms 
are swollen and bear suckers there 
only. An internal shell is always 



The genera Spirula and Sepia, 
already mentioned, belong to this 
sub-order ; the former does not 
occur fossil and the latter only 
rarely. Allied to Sepia is the genus 
Belosepia found in the Eocene. The 
most important fossil form is Belem- 
nites. 

Belemnltes (figs. 109, 110, 111). 
The shell iu this genus consists of three 
parts — the guard (fig. 109, a), the phr^mo- 
cone'(6), and the pro-oatra«um (110, d). 
The guard is solid aud is much more com- 
monly preserved than the other parte; it 
varies considerably in shape aud size, being 
cylindrical, fusiform, conical, etc. The 
end which was directed away from the 
mouth ie always pointed, and at the other 
end there is a conical cavity or alveolus. 
The length of the guard varies irom one 
to fifteen inches. 

When sliced transversely or longitudinally it is seen to be 
formed of a number of layers arranged concentrically around an 
aiial line, which is not quite central but is placed nearer the under 
surface ; these layers are not of uniform thickness along the whole 
length of the guard, but become thicker towards the pointed end 



FiQ. 109, Longitudinal 
section ot Belem- 

b, phragmocone; e, 
siphanole traversing 
the chambcra of the 
phragmocoue. x }■ 
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and are thinner towards the broad end Each layer is formed of 
minute prisms of calcite, which are placed perpeDdicular to the 
axial line, thus producing a radiating fibrous appearance in crosa- 



Fio. 110. Fhrogmocone and pro- • 
ostraoum of BeUmnit^ trom 

the Liaa. Kestoration by Q. C. Fio. 111. D'Orbiguj'a reatota- 

Orick. a, phragmocone ; b, tion of a Bflemuita, showing 

front border of phragmocone ; the probable poaitionB of the 

c, last septum of phragmocone ; guard, the phragmocone, and 

d, pro-OBtraoum. x J. the pro-oBtraoum. 

sections. The surface of the guard is sometimea smooth, or it niay 
be granular, or furnished with ramifying vascular impressions; in 
some species there is a longitudinal groove on the under surface. 

The phragmocone (figs. 109 b, 110 a) is a hollow cone which fits 
intc the alveolus at the broad end of the guard ; it is divided up 
into chambers by septa which are concave in front; a siphuncle 
{fig. 109, c) traverses the chambers at the imder margin ; at the 
pointed end of the phragmocone is a small globular protoconch 
formed of calcareous material The wall of the phragmocone 
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(sometimes termed the conotheca) is very thin, and in well-pre- 
served specimens the upper part is found to be produced in front 
into a large laminar expansion (fig. 110, d) ; this prolongation is 
known as the pro-ostracum, and corresponds to the *pen' of the 
squids. The probable positions of the guard, phragmocone and 
pro-ostracum in the body of the Belemnite are shown in fig. 111. 
The suckers on the tentacles were provided with horny hooks, which 
are sometimes preserved fossil ; there was a double row of hooks on 
each arm, but only six double rows have- yet been found in any 
specimen, so that it seems probable that the Belemnites possessed 
six arms only. The ink-sac and mandibles have also been found in 
a few specimens. The * genus' Belemnites is founded mainly on 
the characters of the guard, and includes an enormous number of 
species. Probably if the soft parts were known, they would show 
such diflferences as to indicate a number of distinct genera. Lower 
Lias to Upper Cretaceous. Ex. B. acutiis, Lias; B. oweni, Oxford 
Clay, etc. ; B. hastatus^ Oxford Clay. 

Belemnitella. Similar to Belemmtes. Guard cylindrical, 
with a slit at the under side of the alveolus. There are well-marked 
vascular impressions on the under surface of the guaixi. Chalk. 
Ex. B, mv>cronata, Upper Chalk. 

Actinocamax. Similar to Belemnites. Guard cylindrical, 
with the part around the alveolus fragile and usually not preserved ; 
phragmocone usually separated from the guard by a space. Upper 
Cretaceous. Ex. A, quadratus^ Upper Chalk. 

Aulacoceras. Similar to Belemnites^ but guard relatively 
short, with a groove extending down each side. Phragmocone re- 
sembling Orthoceras ; much longer than the guard, with siphuncle 
at the margin, and septa rather widely separated ; surface of phrag- 
mocone with longitudinal lines. Pro-ostracum unknown. Upper 
Alpine Trias. Ex. A, retictUatum, 

Belemnoteuthis. Guard reduced in size, forming a thin 
layer over the phragmocone, with a groove on the upper (dorsal) side 
starting from the pointed end. Phragmocone with numerous septa, 
a marginal siphuncle, and septal necks. Pro-ostracum relatively 
small, seldom preserved. Chiefly Oxfordian. Ex. B. antiqua. 
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SUB-ORDER n. OCTOPODA. 

There are eight arms only ; the suckers are sessile and 
possess no homy ring. The shell is rudimentary or 
absent. Octopus and Argonauta are well-known examples 
of this group. The Octopoda, as might be expected jfrom 
the general absence of a shell, are very poorly represented 
in the fossil state ; the earliest known form is Palceoctopus 
from the Chalk of Lebanon. Argonauta has been found 
in the Pliocene Beds. 

Distribution of the Cephalopoda. 

Nautiloidea. At the present day the Nautiloidea are 
represented by four species of Nautilus only : these occur 
in comparatively shallow water in the Indian Ocean, the 
Persian Gulf, the China Sea, and ofiF New Guinea and Fiji, 
where they are found creeping along the sea-floor or 
swimming just above it. The group appears much earlier 
in the geological series than either the Ammonoidea or 
the Dibranchia. Two genera {Orthoceras and Gyrtoceras) 
are found in the Upper Cambrian (Tremadoc Beds). In 
the Ordovician the Nautiloidea are very much better 
represented than in the Cambrian, the chief genera being 
Orthoceras, Gyrtoceras, and Endocer'as. The Order attained 
its maximum development in the Silurian, where the 
number of species is very great; in the Devonian and 
Carboniferous there is a slight decline; in the Permian it is 
poorly represented. The only genus which extends beyond 
the limit of the Palaeozoic period is Orthoceras, which 
is found in the Trias. Nautilus occurs first in the Trias 
and is especially abundant in the Cretaceous; in the 
Tertiary it is rare and is associated with the genus Atui'ia. 
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Ammonoidea, The distribution of the Ammonoidea 
dififers from that of the Nautiloidea in that the former 
are first found in the Devonian, and are more especially 
characteristic of the Mesozoic formations. Glymenia is 
limited to the Devonian, and 'goniatites' also occur in 
the rocks of that system as well as in the Carboniferous — 
Glyphioceras being especially characteristic of the latter. 
Throughout the Mesozoic rocks the ammonites are ex- 
tremely abundant, and attain their maximum development 
in the Lias ; in the Cretaceous there is a remarkable de- 
velopment of more or less completely uncoiled Ammonoids, 
e.g.y HamiteSy Macroscaphites (fig. 105), Baculites, Crioceras, 
Ancyloceras, and Scaphites. It is a striking fact that the 
Ammonoidea disappear suddenly at the end of the Creta- 
ceous period. 

Dihranchia. The Dibranchia are more numerous and 
more varied in existing seas than they were at any former 
period. Some forms are pelagic, others abyssal, but the 
larger number are found in littoral regions and are distri- 
buted in provinces similar to those of other molluscs (p. 237); 
typical littoral genera are Octopus, Sepia, and Loligo, The 
Dibranchia are unknown in the Palaeozoic formations, the 
earliest examples (Aulacoceras, Phragmoteuthis) appearing 
in the Trias. Belemnites is the chief form in the Jurassic 
and Cretaceous, but does not extend into the Tertiary; 
it is especially abundant in the clayey beds; Geoteuthis 
occurs in the Lias, and Belemnoteuthis, Plesioteuthis, etc. 
in the Upper Jurassic. Belemnitella is limited to the 
Chalk. Dibranchs are relatively rare in the Eocene. 

The principal genera of Cephalopoda which occur in 
the different formations are: 

Cambrian. Orthoceras and Gyrtoceras appear in the Upper 
Tremadoc Beds. 
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Ordovician. Orthoceras^ Cyrtoceras^ Endoceras, 

Silurian. OrthocercUj Cyrtoceras, GomphooeraSj Trochoceras, Asco- 
ceras. 

Devonian. Nautiloidea : — Ortkoceras, Cyrtoceras^ OyrocercLS. 
Ammonoidea : — Clymenia^ Anarcestes, Tomoceras. 

Carboniferous. Nautiloidea : — Orthoceras, Cyrtocera^ Acttnoceras, 
OyroceraSy Discites, CcelonautiluSy PleuronautiltM, TeninocheUtu. 
Ammonoidea : — GlyphioceraSy Gastrioceras, Prolecanites. 

Permian. Orthoceras. 

Trias. Nautiloidea : — Nautiltis, Orthoceras. Ammonoidea: — 
Pinacoceras, Ceratites, Trachyceras, PtychiteSj ArcesteSj Cladiscites, 
Dibranchia : — Avlacoceras^ PhragmoteuikU, 

Liaa Nautiloidea : — NavMus. Ammonoidea : — Oxynoticeras^ 
Amalthetu, PkyUocercu, LytoceraSy PsUoceras, Arietites, JSgoceras; 
Schlotheimia, Harpoceras, Ccdoceras^ Dactylioceras, Dibranchia: — 

BelemniteSy XiphoteuthU^ Geoteuthis, 

» 

Oolites. Nautiloidea: — NatUiltbs, Ammonoidea: — CardioceraSy 
I/ududgia, Haploceras^ Stepheoceras^ Mdcrocephalites, Perigphinctes^ 
Pdtoceras, AspidoceraSj CoamoceraSy Parkinsonia, Dibranchia:—- 
BelemniteSy Belemnoteutkisy Acantkoteutkis, 

Cretaceous. Nautiloidea : — Nautilus. Ammonoidea : — Macro- 
scaphitesy HamiteSy TurriliteSy BaculiteSy OlcostephxinuSy DesmoceraSy 
PachydiscuSy HoplUeSy DouvilleiceraSy AcanthoceraSy CrtoceraSy 
ScaphiteSy Sckloenbackia. Dibranchia: — BelemniteSy ActinocamaXy 
Belemnitella. 

Eocene. Nautiloidea: — NautiluSy Aturia. Dibranchia: — Belo^ 
sepiay Belopteray SpiruUrostra. 
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The Arthropods have a bilaterally symmetrical and 
segmented body, but not all the segments are alike, and 
some are usually fused together. Some, or all of the seg- 
ments, bear a pair of jointed appendages, those near the 
mouth being modified to serve as organs of mastication and 
prehension. A chitinous exoskeleton is always present, 
and is often strengthened by the deposition of carbonate or 
phosphate of lime. A he^,rt is found in most forms ; it is 
placed dorsally, and is provided with paired slits, termed 
ostia. The body-cavity contains blood. In some forms 
respiration takes place by means of the general surface of 
the body; others are provided with special organs — gills 
(or branchiae), tracheae, pulmonary sacs (or lung-books). 
The gills are generally thin projections of the skin borne 
by some of the appendages ; the tracheae are long, branch- 
ing tubes, filled with air, which penetrate all parts of the 
body and open to the exterior; the pulmonary sacs or 
lung-books are chambers containing leaf-like folds of the 
skin. The nervous system consists of a supra-oesophageal 
ganglion or brain, connected by a ring round the oeso- 
phagus, with a ventral cord, usually provided with ganglia, 
and placed beneath the intestine. Cilia are absent in all 
members of the group, with the exception of Peripatus, 
The sexes are separate in almost all forms. 

The Arthropoda are divided into the following classes: — 
(1) Crustacea, (2) Prototracheata, (3) Myriapoda, (4) In- 
secta, (5) Arachnida. . The Prototracheata include one 
genus only — Peripatus, which has not been found fossil. 

CLASS I. CRUSTACEA. 

The members of this class are mainly aquatic animals, 
and are abundant as fossils; they breathe generally by 
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means of gills, but in some cases respiration takes place 
through the general surface of the body. The chitinous exo- 
skeleton is frequently hardened by a calcareous deposit, — 
hence the name Crustacea. Segmentation is usually well 
marked, but in the Ostracoda is shown by the appendages 
only. Three regions may be distinguished in the body :— 
the head, the thorax, and the abdomen; but in the 
lower forms the abdomen is often not clearly marked ofif 
from the thorax. There are five segments in the head, 
but these are indicated only by the appendages; the 
number in the thorax and abdomen is variable in one of 
the two great divisions, namely, the EntomostrAca, but is 
constant in the other, the Malacostraca. In many forms 
some or all of the segments of the thorax (and sometimes 
also the anterior segments of the abdomen) fuse with 
those of the head to form a cephalothorax ; this is covered 
dorsally by a large unsegmented shield or carapace, termed 
the cephalothoradc shield. The head usually bears five 
pairs of appendages, viz. two pairs of feelers or antennae, 
one of mandibles, and two of maxillae. The thorax is also 
provided with appendages, and very often the abdomen 
too. The mandibles and maxillae, and frequently some of 
the anterior thoracic appendages, serve as jaws. Each 
appendage is typicaily biramous, consisting of a basal part 
(protopodite) bearing two branches — the endopodite and 
the exopodite. The mouth is placed on the under surface 
of the head, and the anus is on the last segment of the 
abdomen. Eyes are generally present and are placed on 
the head ; in some cases they are simple, in others com- 
pound, consisting of a number of lenses. The sexes are 
separate except in some cirripeds and isopods. 

In some Crustacea development is direct, that is to say, 
the young individual has the same foiro. as the adult ; but 



272" 



CRUSTACEA. PHYLLOPODA. 



generally this is not the case, the young undergoing a 
metamorphosis before reaching the adult stage. The two 
chief larval forms are known as the Nauplius and the 
Zocea. In the Nauplius form the body is unsegmented, 
and possesses three pairs of appendages representing the 
two pairs of antennae and the mandibles. In the Zecea 
stage some of the thoracic appendages are present also, 
and the abdomen is segmented but possesses no appen- 
dages. 

The Crustacea are divided into two large groups, 
(A) the Entomostraca, (B) the Malacostraca. 

A. ENTOMOSTRACA. 

The forms included in this group are mostly of small 
size and of comparatively simple organisation. The num- 
ber of segments in the body is variable, and also the 
number and form of the appendages ; often the posterior 
part of the body is without appendages, and the abdomen 
not clearly separable from the thorax. In the develop- 
ment there is nearly always a Nauplius stage. There are 
five orders : — (1) Phyllopoda, (2) Trilobita, (3) Ostracoda, 
(4) Copepoda, (5) Cirripedia. The Copepods are not 
definitely known as fossils. 

ORDER I. PHYLLOPODA. 

The Phyllopoda include the water-fleas (Daphnia, etc.) 
and other forms. The body is more or less distinctly 
segmented, and often the greater part, or sometimes the 
whole, of it is covered by a carapace which may be shield- 
like, as in Apus, or in the form of a bivalved shell, as in 
Daphnia. The number of segments in the abdomen and 
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thorax varies very widely. On the head there are generally 
two pairs of antennae, one of mandibles, and one or two of 
maxillae. The thorax bears several pairs of swimming-feet, 
which are leaf-like — hence the name Phyllopoda. The ab- 
domen is indistinctly marked off from the thorax, and may 
be without appendages; or appendages may be present 
except on the posterior segments; in Apus as many as 
fifty-two pairs of abdominal legs are found. The last seg- 
ment of the abdomen often bears two spine-like processes 
forming a caudal fork. Two large eyes are present, and 
often also a small unpaired eye. 

ESstheria (fig. 112). Valves equal, thin, horny ; ovate, oblong 
or quadrilateral, united at the straight 
dorsal border ; the apices of the valves 
placed anteriorly, or nearly central. 
Surface generally covered with con- 
centric ridges or striae. Old Red Sand- 
stone to present day. Lives in fresh Fig. 112. EstheHa minuta, 
or rarely in brackish water. Ex. E. from the Trias, x 3. 

mintaa^ Trias, etc. 

Distribution of the Phyllopoda. 

The Phyllopods live mainly in fi^esh or brackish water. 
Only a very few genera are found fossil ; Protocaris, which 
resembles Apus^ occurs in the Lower Cambrian of North 
America. In the Upper Palaeozoic and later deposits 
a few other genera are present, Estheria being common. 
Apiis ranges fi:om the Trids to the present day. 

ORDER n. TRILOBITA. 

The Trilobites derive their name from the fact that the 
body is divided into three parts, by means of two furrows, 
which extend ftt)m the anterior to the posterior extremi- 

w. p. 18 
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ties ; in a few genera, however {je.g. Homaliynotus, lUcemis), 
this trilobation is only vety feebly shown, or is almost 
absent. In a longitudinal direction three regions can also 
be distinguished in the body — the head (fig. 113 A), the 
thorax (B), and the pygidium (C). The segments of the 
head and of the pygidium are fused together, but those 
of the thorax remain free. 

The dorsal surface of the body is protected by a calca- 
reous shell. The part which covers the head is known 
as the head-shield or cephalic shield, and is semicircular or 
triangular in shape ; in it may be distinguished a median 
and two lateral portions; the former is the more convex 
and is termed the glabella (a), the latter are the cheeks. 



Fio. 113. Galymene blumenbachi, from the Wenlock Limestone. A, head, 
B, thorax, C, p;gidiam. a, glabella ; a', aial furrow ; b, one of Hxe 
glabella furrows ; b', neck furrow ; d, facial suture ; e, eje ; f, free 
cheek; g, Bxed cheek; h, genal aogle; i, axis of thorax; k, plenn. 
Natnral eize. 
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The glabella is marked ofif from the cheeks by means of a 
furrow on each side, known as the axal furrow {of). The 
form of the glabella varies in different genera ; in some it 
extends quite to the anterior margin of the head-shield, 
in others only a part of the way (fig. 119); sometimes it is 
wider behind than in front; in other cases it is wider 
anteriorly, or it may be of uniform width throughout. 
Generally it is divided at the sides into lobes by means of 
transverse furrows (6),— often three on each side, but 
sometimes one, two, or four; in some cases the furrows 
from the two sides meet at the middle of the glabella. 
On the posterior part of the glabella there is another 
furrow, which extends quite across it and is continued on 
to the cheeks ; this is known as the neck-furrow (6'), and 
the raised part of the glabella behind it is the neck-ring. 
The glabella furrows are probably indications of the 
original segments which have become fused to form the 
head. 

The cheeks are more or less triangular in shape and 
less convex than the glabella; they are frequently bor- 
dered by a flattened margin which in Trinucleus is very 
broad and highly ornamented. The posterior angles of 
the cheeks, often spoken of as the genal angles (A), may 
be rounded {e.g, Galymene), but are often pointed or pro- 
duced into spines (e.g, Paradoaddes, fig. 120). Each 
cheek is divided into two portions by a suture (the 
facial suture, d) ; the inner part — that between the facial 
suture and the glabella — is termed the fixed cheek (g) and 
is immovable; the outer part, known as the free cheek (/), 
is movable on the fixed cheek. The course of the facial 
suture varies in different forms : it may commence at or 
near the genal angle (h\ or on the posterior border inside 
the genal angle (fig. 121), or on the external border in front 
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of the genal angle ; it bends inwards to the eye and then 
passes anteriorly, and may be continuous with the suture 
of the other cheek in front of the glabella, or it may cut 
the anterior margin of the head-shield, in which case it is 
often united with the other suture on the inferior surface 
of the head {e.g, Galymene), When the sutures are con- 
tinuous in front of the glabella it is obvious that the 
cheeks will also be continuous. Since the position of the 
facial suture varies in different genera the relative sizes 
of the fixed and free cheeks will obviously vary too ; thus 
in Illcenus the free cheek is very narrow, in PhilUpsia very 
broad. Most authors state that the facial suture and the 
free cheek are absent in Agnostus and in a few other 
genera ; but according to Beecher the facial suture in such 
forms is either at the margin or on the ventral surface 
of the cephalic shield, and the free cheek is then on the 
ventral surface ; this statement, so far as AgnosUis is con- 
cerned, has however been denied by Lindstrom and Holm. 
The eyes (fig. 113, e) are placed on the upper surface of 
the head, one on each free cheek near 
the facial suture, and generally near the 
middle of the cheek ; they are usually 
compound, and in most cases consist 
of a large number of lenses — in Remo- 
pleurides the number is stated to be 
15,000. Usually the entire eye is 
covered by a continuous cuticle, but ,3, -.. ^ ,. ,. 

•^ ^ ' Fig. 114. Mglina hi- 

in Phdcops and its sub-genera the nodo«a,ArenigBeds. 

1 • 11 J 1 J i_ Natural size. 

eyes are more highly developed, each 
element of the compound eye possessing 
an independent cornea. In some forms (Harpes) com- 
pound eyes do not occur, but simple eyes (one to three in 
number) are present on the fixed cheek. In a few genera 
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{AgnostuSy Ampyx) eyes are absent; in jEglina (fig. 114) 
they are unusually large, occupying the greater part of 
the fi:^e cheeks. Many of the Cambrian Trilobites which 
have hitherto been regarded as possessing eyes {Parado- 
sideSf Olenellus, Olenus, Sao) are now considered by 
Lindstrom to have been blind, since the eye-like ridge, 
which is present, shows no indication of structure and 
dififers in development from that of the eyes, which always 
appear in close connexion with the facial suture. 

The head-shield is continued on the under surface of 
the head, forming a marginal rim 
(fig. 116, a); attached to this in 
the median line is a plate, usually 
oval in shape, situated just in 

front of the mouth and known aa ^- JJ^ S^riro^ 
the hypostome or labrum (figs. the Llandeilo Beds. Be- 

ne 6, 115). Just behind the **''''^^- 
mouth is a small plate, the metastoma (fig. 117 -4, m); up 
to the present time this has been observed in the genus 
Triarthrus only. 

In many Trilobites a small slightly-raised tubercle, or 
a small depressed area, is found on each side of the h)^o- 
stoihe just behind the middle of its outer surface ; these 
maculcB are sometimes entirely smooth, but in other cases 
a part, or the whole of the surface, shows a structure 
similar to that of the compound eyes on the dorsal surface 
of the head. Lindstrom regards the macula? as visual 
organs. They are unknown in any other Crustacea, and 
at present their nature cannot be regarded as definitely 
determined. 

The thorax (fig. 113 B) is formed of a series of seg- 
ments, which vary in number from two to twenty-six; 
these are movable upon one another, in some cases sufl&- 
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ciently to enable the animal to roll itself up like a wood- 
louse. Each segment is divided into a central and two 
lateral parts by means of two furrows. The central part 
is more convex than the lateral, and forms the axis (i), the 
lateral parts being known as the pleurae (k). The anterior 
part of the axis of each segment is not visible when the 
animal is unrolled, since it is bent down and is over- 
lapped by the preceding segment, for which it forms an 
articular surface. The pleurae in ^ome genera possess a 
longitudinal ridge, in others a groove, or both ridges and 
grooves may occur ; a few forms have plane pleurae. Each 
pleura, at some distance from the axis, is curved down- 
wards and usually also backwards ; the point where this 
curvature occurs is known as the fulcrum; often the outer 
part of each pleura overlaps the anterior part of the suc- 
ceeding one, and the fulcrum may be rounded so as to form 
an articulating facet. The terminations of the pleurae are 
in some cases rounded (fig. 113), in others produced into 
spines (fig. 120). 

The pygidium (fig. 113 G) is usually triangular or 
semicircular in shape, and is formed of a variable number 
of segments, which differ from those of the thorax in being 
fused together and immovable; the segmentation is shown 
by grooves only. The pygidium, like the thorax, possesses 
a central part or axis, and lateral portions ; the axis may 
reach quite to the posterior extremity or only part of the 
way, and it tapers more rapidly than the axis of the 
thorax ; in Bronteus it is very short. The margin of the 
pygidium may be even or entire, or it may be provided 
with a posterior spine or with lateral spines. 

For a long time the appendages of the trilobites were 
unknown, and even now only a few specimens showing the 
ventral surface have been found. One of these is an example 
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of Asapkvs megistos (fig. 116) from the Ordovician Beds of 
Ohio. In this, each segment of the thorax and pygidium 



Fio. 116. Under aaiCace of Aiapkui mtgiitoi, from the Ordovician rockE 
of Ohio, BhowiDg a pair of appendages attached to each segment. 
The shaded part represents the actaal specimen, a, infolded margin 
of the bead-shield; b, hypoatome; c, braochial filaments? (After 
Waloott.) 

was found to bear a pair of jointed appendages. Walcott 
has obtained further information on this subject by cutting 
thin sections of roUed-up specimens of Calymene and 
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Cheirurus, By this method he ascertained that on the 
ventral surface of the body there was a thin, uncalcified 
membrane, strengthened by transverse arches to which the 
appendages of the thorax and pygidium were attached; 
each of these appendages consisted of six or seven joints, 
and at the base a spiral structure (regarded as a gill) was 
attached. The head also carried pairs of jointed appen- 
dages. 

Specimens showing the ventral surface much more per- 
fectly have recently been obtained from the Utica Slate 
near Rome (New York), and have been fully described by 
Beecher. The most important of these belong to the 
genus Triarthrus (fig. 117); they are not curled up, and 
exhibit very clearly the form of the limbs. Each segment 
of the body bears one pair of appendages, which, with the 
exception of the first, are biramous, consisting of a basal 
joint bearing two branches. On the head there are five 
pairs of appendages ; the first are the long antennae which 
have a large basal joint and are attached on each side of 
the hypostome Qi). These antennae are considered by 
Beecher to represent the antennules (or anterior antennae) 
of other Crustacea. The remaining four pairs of appen- 
dages of the head are biramous and all have nearly the 
same form but increase in size backwards : the second pair 
are considered to represent the antennae, the third the 
mandibles, and the fourth and fifth pairs the maxillae of 
other Crustacea. The maxillae consist of a large basal 
joint (the coxopodite) which bears the endopodite and the 
slender exopodite ; the latter carries a bunch of hairs or 
setce. 

The anterior appendages of the thorax are long and 
consist of a coxopodite (fig. 117 C, D) which bears the 
six-jointed endopodite (a) and the exopodite (6) — the first 
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joint of the latter is lai^, the others small aad numeroua. 
The exopodite bears setae and probably served as a 
swimming organ, whereas the endopodite was adapted 




Fig. 117. Triarthne beeki, from the Utioa Slate (Ordovioiaa) near Borne, 
New Tork. (After Beecber.) 

A, Tiew of the ventral surface showing appendages, etc. k, hjpo- 
Btome ; ni, metastoma. x 1}. 

B, diagrammatio eection through the second thoracic segment. 
a, endopodite ; 6, exopodite. 

C, D, dorsal view of the right lege of the secoad and third thoracic 
gegments (aetee omitted from C). a, endopodite; b, exopodite. 
xl2. 



for crawling. The posterior thoracic limbs do not differ 
essentially from the anterior one just described, but they 
diminish in size posteriorly and were better adapted for 
swimming. In each segment the ventral membrane be- 
tween the bases of the limits is strengthened by a median 
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longitudinal ridge and one or two oblique ridges on each 
side. 

The appendages of the pygidium are leaf-like and 
resemble closely the limbs of Phyllopods, particularly 
Apus, The leaf-like character, is due to the flattening 
and expansion of the first segments of the endopodite 
which bear setae; the exopodite is slender. The anal 
opening is quite at the end of the pygidium. 

In some fine-grained rocks, especially in the Lower 
Palaeozoic of Bohemia, the larval forms of Trilobites are 
found well preserved, so that it is possible to trace out the 
changes which occurred in the development of the indivi- 
dual. In the earliest stage (fig. 118 J.), called the protaspis 
by Beecher, the body is discoid or ovate in form, and con- 










Fio. 118. Development of Trilobites. (After Barrande.) 
A — D, Sao hirsuta, Cambrian, Bohemia. A^ earliest stage, x 12. B, later 
stage with three segments behind the head, x 12. C, with distinct 
glabella furrows, and four segments behind the head, x 12. D, with 
six segments behind the head, x 10. 

E — H. Phacops (Odontochile) socialis, Ordovician, Bohemia, x about 8. 
J?, earliest-known stage, with eyes at the margin, and three segments 
behind the head. F, later stage with more distinct furrows on the 
glabella, and four segments behind the head, (r, with eyes moved 
inward, and narrow free cheek; six segments behind the head. 
H, free cheeks relatively larger and eight segments behind the head. 
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sists chiefly of the cephalic region in which the glabella is 
distinct and is divided by furrows; eyes, when present, 
are at or near the outer front margins of the shield (fig. 
118 E), and the free cheek, if visible on the dorsal surface, 
is narrow ((?). The glabella usually reaches the front 
margin of the head. In later stages the pygidium becomes 
distinct and increases in size ; and the thoracic segments 
are gradually introduced between the head and the pygi- 
dium ((7, D). At the same time the eyes move backwards 
and inwards until they attain their adult position, and the 
fi:ee cheeks increase in size {H), The glabella becomes 
rounded in fi-ont and usually relatively shorter. ^Since in 
the earliest stages of all Trilobites the fi*ee cheeks are 
either absent fi:om the dorsal surface or are narrow, Beecher 
regards the Trilobites which retain this character in the 
adult state as more primitive than those in which the 
fi-ee cheek becomes relatively large and the fixed cheek 
narrow. Beecher considers that the protaspis of Trilobites 
corresponds to one of the Nauplius stages (the metanau- 
plius) of recent Crustacea. 

The possession of antennae and the biramous character 
of the other appiendages show that the Trilobites belong 
to the Crustacea. The great variability in the number 
of segments connects them with the Entomostraca ; the 
leaf-like character of the appendages on the posterior part | 

of the body seems to show that they are related to the t 

Phyllopoda, and especially to Apus, with which genus they j 

also agree in possessing a similar labrum or hypostome. 
On the other hand the anterior thoracic limbs resemble 
those of Schizopods. But the Trilobites differ fi-om the 
Phyllopods in the trilobation of the body, in the posterior 
segments being fused together, in the appendages of the 
pygidium being similar to those of the thorax, and in the 
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absence of a caudal fork. The Trilobites, however, are more 
primitive than any other Crustacea, since all the append- 
ages, except the first pair, are very similar in structure 
and show but little modification in different regions of the 
body. They dififer also fi:om most other Crustacea in 
having one pair of antennae only. For these reasons some 
authors regard the Trilobites as a primitive group of the 
Crustacea independent of both Entomostraca and Mala- 
costraca. 

The Trilobites show some resemblance to the Palaeozoic 
Xiphosura (p. 317), since some of the latter possess what 
appear to be facial sutures, and have the segments behind 
the cephalic region ifree ; but they differ entirely fi:om the 
Xiphosura in the character and arrangement of the ap- 
pendages, in the structure of the eyes, in the absence of a 
genital operculum, etc. 

Agnostus. Body small, head-shield and pygidium similar in 
form and size ; eyes and facial suture absent (suture ventral or 
marginal according to Beecher) ; glabella does not reach the anterior 
border of the head. Thorax formed of two segments, axis wide, 
pleurae grooved. Olenelltis Beds to Bala Beds. Ex. A. pisiformisy 
Lingula Flags. 

MicrodisCUS. Similar to Agnostus but with four segments in 
the thorax, and segmentation of axis of pygidium well marked. 
OleneUus Beds to Lingula Flags. Ex. M. punctattcs, Lingula Flags. 

Trinucleus. Head-shield large, with long genal spines, and 
a broad punctate border ; glabella inflated, pyriform, furrows absent 
or indistinct. Eyes generally absent. Facial suture, when present, 
at or near the margin. Thorax formed of six segments, pleurae 
grooved, straight, but slightly curved near their extremities. Py- 
gidium short, triangular, margin entire. Arenig to Bala Beds. Ex. 
T. concentricus, Bala Beds. 

Ampyz. Similar to Trintcclemy but with a triangular head- 
shield which is without a punctate border, and with a long straight 
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Hpine given off from the front of the glabella ; also with discon- 
tinuous facial sutures. Free cheeks very narrow. Tremadoc to 
Wonlock Beds (chiefly Ordovician, onlj one species in the Silurian). 
Ex. A, nudui, Llandeilo Beda. 

Haipes. Resembling TriniKleui, but punctate border of head- 
ahieJd broader and est«nded poateriorlj instead of bearing narrow 
genal spines. Glabella short, not expanded in front. Simple eyes 
joined to the front part of glabella by a ridge. Thorax with twenty- 
five to twenty-nine st^menta. Ordovician to Devonian. Ex. ff. 
■u>tffula, Ordovician. 

Oleniu (fig. 119). Body oval; head-shield larger than the 
pygidium, with a narrow border, 
and with genal spines ; glabella 
not reaching the anterior border, 
and not expanding in front, usually 
with three pairs of furrows ; facial 
sutures extend from the posterior 
margin (near the genal angle) to 
the front border; 'eyes' (seep. 277) 
well developed, placed forward and 
united to the front of the glabella 
by a straight ridge. Thorai of '"'"'■ 

from twelve to fifteen (typically fourteen) segments ; axis narrow, 
pleurs with short points. Pygidium small, with three or four seg- 
ments indicated on the axis, and with entire border. Lingula Fl^s 
to Tremadoc Beds. Ex. 0. gibbotm, 0. calaraclet, Lingula Flags. 
Parabolina, Pdtura, Paraholinella, Evryeare, and SphcerophthalmMt 
are related to Olenut and usually regarded aa sub-genera of it 

Paradoxides (fig. 120). Body large, elongated, narrowed 
posteriorly. Head-shield broad, semicircular, with a border, and 
long genal spines ; glabella broad in front, with two to four furrows 
on each side. Facial sutures extend from the posterior to the 
anterior border. 'Eyes' {see p. 277) large and arched. Thorax long, 
formed of sixteen to twenty segments ; pleurw grooved and pro- 
duced into long backwardly-directed spines. Pygidium very small, 
plate-like, axis of two to eight segments. Middle Cambrian. Ex. 
P. davidu, Menevian ; P. hohemiciti, Cambrian. 
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OlenelltU. Similar to ParadoxuUs; but the glabella is of 
nearly the same width throughout, 
the facial sutures are iovisible, the 
'eyes' {see p. 277) are large and 
join the glabella; there are trom 
thirteen to eighteen s^ments in 
the thorax. Some forme have 
spines on the axis of one or more 
segmentR of the tbomx and pygi- 
dtiim. In some species there are 
no lateral lobes on the pygidium. 
Lower Cambrian. This genua ia 
divided into four aub-genera : — 
(1) Olenelliia (reatricted) ; pygi- 
dium spine-like, without lateral 
lobes. Ei. 0. tkomptoni. (3) Me*o- 
nacU; pygidium large, with lateral 
lobe% apinea on some segments of 
the aiis of thorax or pygidium. 
Ex. M. vermomaTM. (3) ffolmia; 
with a row of spines down the 
axis of the body^the neck-spine 
often long. Pygidium small, plate- 
like. Ei. ff. caUaveL (4) Olend- 
Itndet, Ei. 0. armaiut. Lower 
Cambrian. 

CoDOCOryphe {=Conocepkalitet). Head-ahield semicircular, 
with genal spines (not always preserved) ; axal furrows deep, glabella 
narrow in front and with three or four backwardlj-directed furrows 
and well-marked neck-furrow ; free cheeks narrow. Facial auturea 
not continuous in front and ending just within the genal angles. 
Hypostome convex, formed of a central oral portion surrounded by 
a narrow border. Thorax with fourteen or fifteen segments ; pleime 
grooved. Pygidium small, margin entire, axis with from two to 
eight segments. Olenellut Beds to Tremadoc Beds. Ex. C. lydli, 
Solva Beds ; C evlzeri, Cambrian. 

Angelina. Body oval. Head-ahield with long genal spines, 
parabolic, without farrows ; eyes small, near the middle 
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of the cheeks. Thorax with fourteen or fifteen segments, pleurae 
faceted. Pygidium short, margin provided with two teeth, axis 
of four or five segments. Tremadoc Beds. Ex. A. sedgwicld, 

Calymene (fig. 113). Head-shield semicircular, genal angles 
rounded, occasionally pointed ; glabella greatly inflated, broadest 
behind, with three pairs of lateral fmrows forming three globular 
lobes on each side. Eyes small, prominent. Facial sutures extend- 
ing from the genal angles to the anterior border, where they are 
connected by a suture below the margin. Thorax formed of thirteen 
segments, axis prominent, pleurae grooved and faceted. Pygidium 
with six to eleven segments, margin entire. Arenig to Upper 
Ludlow. Ex. C. blumenbacki, Wenlock Limestone etc. 

HomalonotUS. Body large, elongated, with indistinct trilo- 
bation. Head-shield broad, genal angles rounded, furrows on the 
glabella indistinct or absent. Eyes small. Facial suture passing 
from the genal angles to the front margin, and often continuous in 
front. Thorax with thirteen segments ; axis wide, not well marked. 
Pygidium triangular, axis with ten to fourteen segments. Arenig to 
Devonian. Ex. H, delphinocephalus, Wenlock Beds ; H, hisulcatus^ 
Ordovician. 

Ogygia. Body large, nearly flat. Head-shield large, semi- 
circular ; glabella distinct, wider in front, with four or five lateral 
furrows. Eyes large. Facial suture starting from the posterior 
border, sometimes cutting the front margin, but generally con- 
tinuous. Free cheeks large. Hypostome not notched. Thorax 
consisting of eight segments, axis narrow, distinct ; pleurae grooved, 
usually with pointed ends. Pygidium large, semicircular, margin 
entire, axis of numerous segments. Tremadoc to Llandeilo Beds. 
Ex. 0, buchty Llandeilo Beds. 

AsaphUS (figs. 115, 121). Body oval, surface smooth or with 
striae. Head-shield semicircular with a flattened border, genal 
angles rounded or spinose ; glabella wide in front and usually 
without lateral furrows. Eyes large. Facial sutures start from 
the posterior border and are sometimes continuous in front of the 
glabella, but sometimes cut the anterior margin. Free cheeks 
large. Hypostome notched posteriorly. Thorax formed of eight 
segments, pleurae obliquely grooved, with roimded extremities. Py- 
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gidium of about the aame size as the head, rounded, formed of 
numerous Begmecta which are 
usually vieible on the axis only ; 
mai^D entire. Tremadoc to Bala 
Beds. Ex. A. Iffranniis, Llaudeilo. 
nigenils. Body oval, convex. 
Head-shield large, semicircular ; 
glabella indistinctly limited, with- 
out furrows externally, but within 
the test there are four jkutb. Eyes 
r^uote from one another. Facial 
sutures commence on the posterior 
border, cut the witerior border in 
front of eye, and unite on the in- 
ferior surface. Free cheeks smidi 
Thorax with usually ten s^ments, 
axis usually not well marked, 
pleuTEB not grooved or ridged. 

Pygidium laige, semicircular, axis rudimentary, segments not visible 
externally. Arenig to Wenloek. Ex. /, datnn, I. bovmanni, Bala 
Beds. 

.ffigllna (fig. 114). Head-shield targe ; glabella krgs, convex, 
projecting beyond the margin in front. Cheeks narrow ; eyes very 
large, occupying nearly all the free cheeks. Facia] sutures discon- 
tinuous, nearly parallel with the axis of the body. Thorax with five 
or six segments, axis broad, pleuree grooved. Pygidium rounded, 
axis short Arenig to Bala Beds. Ex. ^. binodoia, Llandeilo Beds. 

BronteUB. Head -shield large, semicircular, genal angles 
pointed. Glabella expanding rapidly in front, with three lateral 
furrows in some species, none in others. Facial sutures start from 
the posterior border and are discontinuous in front. Free cheeks 
large ; eyes crescentic, placed near the posterior border. Thorax 
with ten segments, pleurte ridged. Pygidium very large, fan-shaped, 
axis very short, lateral lobes lai^ with radiating grooves. Bala Beds 
to Devonian. Ex. B. jlabeUifer, Devonian. 

Phacops. Head-shield nearly semicircular, glabella promi- 
nent, broadest in front, with three or four fUrrows, which are some- 
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times indistinct ; facial sutures commencing on the lateral borders 
of the cheeks in front of the genal angle, and continuous in front of 
the glabella. Eyes generally large, granulated, formed of large and 
distinct facets. Thorax with eleven segments, pleurae grooved. 
Pygidium variable. Ordovician to Devonian. 

The species of Phacops are divided into a number of groups 
which should be regarded as sub-genera, or perhaps genera ; some 
of these are : — Phacops (restricted) : glabella inflated and expanded 
in front, with the two anterior furrows obscure. Eyes large. No 
genal spines. Ex. P. stokesi, Silurian. Trim&rocephxdus : glabella 
furrows obscure or absent. Eyes small. No genal spines. Ex. 
T. Icevis, Devonian. Acaste : glabella not much expanded in front, 
all the furrows distinct. Ex. A. downingice, Silurian. Ghdsmops : 
glabella greatly expanded in front, two anterior furrows large, two 
posterior very small. Genal spines. Ex. C. coTwphthalmus, Bala 
Beds. Odontochile { = DcUmanites) : glabella not much expanded, all 
the furrows distinct. Genal spines long. Pleurae often produced 
into spines. Ex. 0. cavdatus^ Silurian. 

Cheirurus. Head-shield semicircular, genal angles pointed 
or with spines ; glabella convex, oblong or ovoid, with three pairs of 
furrows which are sometimes continuous across, the last pair uniting 
with the neck-furrow. Facial sutures continuous in front and 
ending on the external margins. Free cheeks small ; eyes promi- 
nent. Thorax with usually eleven segments, pleurae grooved, and 
produced into spines. Pygidium small, with four segments, lateral 
lobes with backwardly-directed spines. Tremadoc to Devonian. 
Ex. C, articulutiiSy Devonian ; C. himucronatus, Bala to Ludlow 
Beds ; C, juvenis, Bala Beds. 

Deiphon. Glabella globular without furrows. Fixed cheeks 
forming two long curved spines. Thorax with nine segments ; 
pleurae in the form of free spines. Pygidium short, prolonged into 
two spines on each side. Wenlock and Llandovery. Ex. 2). f orbed, 

Encrinurus. Head-shield covered with tubercles ; glabella 
pyriform, its furrows indistinct or absent ; eyes small, placed on 
short peduncles. Facial sutures not continuous, ending just in 
front of the genal angles. Free cheeks narrow. Thorax with 
eleven segments, plem^ae ridged. Pygidium narrow, triangular, with 

w. P. 19 
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many segments in the aiie, pleime bent backwards. Bala to Upper 
Ludlow. Ex. E. punctatut, Wenlock Limestone. 

Uchas. Teet covered with tubercles. Head-Bhield convex, 
relatively small, with genal spines. Glabella broad, with a central 
raised part, furrows directed backwards. Facial sutures pass from 
the posterior border to the anterior. Cheeks and eyes small. Thorai 
with nine or ten s^mente ; pleurse grooved, ending in rather long 
spines. Pygidium large, showing two or three segment^ lateral 
parts produced into apinea. Llandeilo to Wenlock. Ei. L. angliau, 
Wenlock 

AcldapBiB (% 122). Head-shield broad, usually with spineiB 
at tbe margiii, trilobation not well marked, genal aisles spined ; 



Fio. 122. Aeidaapii prevoitt, from tbe Silurian Bocka. OatUne of the 
head-Bhietd. (After Baimnde.) 1, 2. 3. Grst, aeoODd, and third 
glabella farrows (the first usuall; icdlatinct) ; a, central part of the 
glabella; c—b — n, inner furrow of glabella; e — v, neok-furrow ; 
d — K— X, aial fnrrow; k—x, fiied cheek; o, eje; o—n, ridge ex- 
tending from eye to glabella ; p, gensl spines ; q, Bpinea from neok- 
ring ; r, neck-ring ; ■— s", facial suture ; y, spines. Enlarged. 

glabella with a pair of longitudinal furrows parallel to tbe azal 
furrows, with two or three lateral furrows. Facial sutures start 
hom the posterior margin just within the genal angle and cut the 
front margin. Free cheeks large. Eyes connected with the gla- 
bella by a ridge. Thorax with nine or ten segments, pleuTEC with 
riches produced into long spinea Pygidium small, with long 
spines. Llandeilo Beds to Devonian. £i. A. barrandei, A. brighti, 
Wenlook. 
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Phillipsia. Body oval ; glabella with nearly parallel sides, 
with two or three short lateral furrows, the posterior one being 
directed backwards and united to the deep neck-furrow, thus cutting 
off a basal lobe. Facial sutures cut the posterior border obliquely 
and the anterior border in front of the eye. Free cheeks large ; eyes 
large, reniform. Thorax with nine segments, pleurae grooved. Py- 
gidium semicircular, with twelve to eighteen segments, margin entire. 
Devonian to Permian. Ex. P. derbiensts, Carboniferous. 

ProetUS. Closely allied to Phillipsia but with fewer segments 
in the pygidium. Ordovician to Carboniferous, chiefly Devonian. 
Ex. F, fletcheri, Wenlock. 

Grifflthides. Body oval ; glabella pyriform, without lateral 
furrows, with inflated basal lobes ; eyes small. Thorax with nine 
segments. Pygidium rounded, formed of about thirteen segments. 
Carboniferous Limestone. Ex. G, seminifervs. 

Distribution of the Trilobita. 

The Trilobites form one of the most important and 
striking features in the Palaeozoic faunas ; they occur first 
in the Lower Cambrian Beds, and reach their maximum 
in the Ordovician ; they are still abundant in the Silurian, 
but become less important in the Devonian, and in the 
Carboniferous are represented by four genera only. In 
Europe they do not extend beyond the Carboniferous 
Limestone, but in North America one species of Phillipsia 
has been found in the Permian. 

Already in the Cambrian period the Trilobites were 
represented by a great variety of forms, showing that even 
then the Order must have been of considerable antiquity, 
but at present no traces of the ancestors of the Cambrian 
forms have been found. It is in the Cambrian System 
that we meet with the largest, as well as the smallest 
Trilobite known — Paradoaddes and Agnostus, As a whole, 
it may be said that the Trilobites of the earlier formations 

19—2 
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are characterised by the possession of a large number of 
segments in the thorax and by a small pygidium (fig. 120); 
whereas in the Tremadoc, and particularly in the Ordo- 
vician Rocks, they possess large pygidia and have fewer 
segments in the thorax (fig. 121). 

Many of the Trilobites seem to have had a wide 
geographical distribution ; for example, most of the genera 
which have been recognised in Australia occur also in 
Europe. Some, however, apparently had a more limited 
range; thus, for instance, Sao, Arethusina, and Ellipso- 
cephalus, are very common in Bohemia, but the first two 
have not been found in the British Isles, and the last has 
been recorded only once. 

The most important genera found in the different 
systems are mentioned below; those marked with an 
asterisk* occur only in one system. 

Cambrian. Agnostv>s, Microdi»cus*y Paradoxides*^ Olenell'us*, 
Olenus*'^ Sao*, EUipsocephaltts*, Concoryphe*, Niohe, Angelina*, 

Ordovician. AgnostibSy Ogygia, Ampyx, THnttcleus, UlcenitSy 
Asaphvs, j^glina*, Calymene, Ogygia^ Asaphv^y Trimideus and 
Ampyx are abundant, the last two being almost confined to this 
system. 

Silurian. Pkacops, Homalonotus, Calymene^ Encrinurus, Aci^ 
daspis, Cheirv/nis, Froettis, Illamua, lAchoA, Phacops and Acidaspis 
are particularly abundant. 

Devonian. Phacops^ Homalonotus, CheiruruSy ProettiSy Bronteus, 

Carboniferous. Philltpsia, Griffithtdes*, Brachymetopics*. 

ORDER m. OSTRACODA. 

The Ostracods (fig. 123) are indistinctly segmented 
and generally minute. The body is usually compressed 
laterally and completely enclosed in a bivalved shell or 



CRUSTACEA. OSTRACODA. 293 

carapace, which may be homy or calcareous. One valve is 
placed on each side of the animal, and the two valves are 
joined together dorsally by an elastic ligament which 
serves to open the shell ; an adductor muscle passes from 
the interior of one valve to the other and by its contraction 



Fio. 123. Lateral view of Cypris Candida, (After Zenker.) 1, antennules ; 
2, antennsB; 3, mandibles; 4, first maxillaB; 5, second maxilla; 
6, 7, first and second pairs of legs; 8, tail; 9, eye. Enlarged. 

the shell is closed. There are seven pairs of appendages, 
which can be protruded when the shell is opened. In 
some of the marine forms the shell is notched anteriorly 
so as to allow the antennae to pass through when the shell 
is closed. The head carries two pairs of antennae, one of 
mandibles, and two of maxillae. The thorax has only two 
pairs of appendages, which are not leaf-like. The abdomen 
is rudimentary and is without appendages ; it terminates 
either in a fork or in a spiny plate. Respiration takes 
place by means of the general surface of the body. The 
carapace is in almost all cases the only part which occurs 
fossil ; its surface may be smooth or variously ornamented. 

Iieperditia. Carapace thick, smooth, convex, elongated, 
a Httle higher posteriorly. The right valve larger than the left. 
Hinge-line straight. There is a small tubercle (eye-spot) placed 
anteriorly near the hinge ; and posterior to it is a slightly elevated 
circular area. Cambrian to Carboniferous. Ex. L, hidngeri, Silu- 
rian ; L. okeniy Carboniferous. 
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Primitia. Carapace generally equivalve, convex, oblong or 
ovate. Hinge-line straight. Each valve has a transverse groove 
which starts from the hinge-line. Cambrian to Carboniferous. Ex. 
P. strangvlata, Bala Beds. 

Beyrichia (fig. 124). Carapace elongated, inflated, posterior 

border a little higher than the anterior; 

dorsal border straight, ventral border (S^Ji 

semicircular. On the surface there are (SfU) 

two or three large furrows which pass 

from the dorsal towards the ventral edge, 'SU 

the parts between being convex and often 

tuberculate. Cambrian to Carboniferous. Fig. 124. Beyrichia com- 

Ex. B. complicata, Llandeilo and Bala. plicata, Bala Beds. 

^ The lower ngore 

Entomis. Cai-apace equivalve, shows the dorsal 

, J T_ J 'XT. J J. aspect of the united 

almond-shaped, with a deep transverse valves. x2. 

f lUTOw which passes from the dorsal border 

(a little in front of the middle) towards the ventral border. Sur- 
face generally striated. Anterior margin notched for the passage 
of the antennae. Ordovician to Carboniferous. Ex. E. tvherosa^ 
Silurian. 

C3rthere. Shell oblong-ovate or subquadrate, highest in front ; 
smooth or ornamented with pits, spines or ridges. Hinge with 
teeth anteriorly and posteriorly. Ordovician to present day (chiefly 
Cretaceous and later). Ex. C. striato-punctata, Eocene ; C. punctata^ 
Pliocene. 

Cypris (fig. 123). Carapace thin, smooth or punctate, kidney- 
shaped or oval ; ventral edge often concave. Left valve the larger. 
Piu*beck Beds to present day. Fresh water. Ex. C. faha, Miocene ; 
C. gihha^ Oligocene to present day. 

Cypridea. Valves ovate-oblong, convex in the middle, broad 
at the anterior third, narrower behind ; with a notch at the anterior 
ventral angle behind a beak-like process. Surface smooth, punctate, 
or tuberculate. Hinge-margin straight along the middle third of 
the dorsal edge. Left valve the larger. Purbeck, Wealden, and 
Hamstead Beds. Fresh water. Ex. C. valdensis, Wealden Beds, etc. 
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Distribution of the Ostracada. 

The Ostra«ods have a very wide distribution ab the 
present day ; they are mainly marine, and often occur in 
shoala. They are most abundant in shallow water, only 
fifty-two species being found beyond the 500 fathom line. 
The fossil forms are very numerous, the earliest occurring 
in the Cambrian. L&perditia, Primitia, and Beyrichia 
are abundant in the Lower Palaeozoic; Entomis in the 
Devonian ; and Oypridina and Bairdia in the Carboni- 
ferous. Oypridea is common in the Purbeck and Wealden 
Beds ; and Cythere in the Tertiary formations. 



ORDER V. CIBBIPEDIA. 
The Cirripedes include the barnacles, acorn-shells, etc., 
—forma which differ considerably in 
appearance from the other crusta- b- 

ceans and were for a long time re- 
garded as mollusca. The body is 
completely enclosed in a fold of the *"■ 
skin, which commonly secretes a 
calcareous shell. The animal, in the 
adult state, is fixed to a foreign 
object by the anterior end of the 
head, either directly or by means of 
a stalk or peduncle. The segmenta- 
tion of the body is indistinct. The 
head is not well marked off from 

the thorax; it bears one or two Fia-125. LeposamfTOiis, 
pairs of aotennse, one pair of man- 
dibles, and two pairs of maxillae. 
The thorax has usually six pairs of 
biramous feathery limbs. The abdomen is rudimentary 



6, tergum; c, carina; 
tl, pedoQcle. Natural 
Bize. {After Darwin.) 
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and without appendages. Heart and vascular system are 
absent; nearly all forms are hermaphrodite. The shell 
consists of several pieces; in Lepas (which possesses a stalk) 
there are five, two are placed on each side of the body, 
those near the stalk being termed the scuta (fig. 125, a), 
those at the upper end the terga (b), and there is also one 
unpaired part placed dorsally, the carina (c). Balanus has 
no stalk ; its shell consists of a tube formed of six pieces, 
within which the scuta and terga are placed. 

Distribution of the Cirripedia, 

The Cirripedes are all marine, and the greater number 
are found in shallow water, particularly near the coasts, 
Balanus being especially characteristic of littoral regions. 
At depths greater than 1000 fathotns, only two genera, 
Scalpellum and Verracosay have been found, and these are 
not confined to deep water. 

Cirripedes are rare in the Palaeozoic and early Mesozoic 
formations, but become moderately common in the Chalk, 
and are abundant in some of the later Tertiary deposits. 
A few examples have been found in the Cambrian of 
North America. In the Ordovician the genera Pollidpes, 
Scalpellum, and Turrilepas { = Plumulites) occur: the first 
two are represented in the Silurian and various later 
formations (especially the Chalk); the last ranges on to the 
Devonian. Balanus appears in the Eocene, and Lepas in 
the Pliocene. 

B. MALACOSTRACA. 

The Malacostraca are usually larger and are more 
highly organised than the Entomostraca. With the ex- 
ception of the Leptostraca, the number of segments is 
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constant throughout the group, there being five in the 
heaxi (or six if the eyes be regarded as appendages), eight 
in the thorax, and six in the abdomen ; each segment 
bears one pair of appendages. The abdomen is clearly 
marked ofif fi*om the thorax. In some cases the develop- 
ment is direct, in a few the Nauplius stage occurs, but 
more commonly the Zosea larva is found. 

There are three Orders : — (1) Leptostraca, (2) Thora- 
cpstraca, (3) Arthrostraca. 

ORDER I. LEPTOSTRACA (PHYLLOCARIDA). 

The Leptostraca possess characters which connect them 
with both the Phyllopoda and the Malacostraca. Only 
three genera are now living, of which the commonest is 
Nehalia, A large bivalved carapace (fig. 126, m) covers 
the head, the thorax, and some of the abdominal segments, 
but is united to the head only; the two valves are con- 
nected by an adductor muscle {p) just as is the case in the 
Ostracods and many Phyllopods. In fi:ont of the carapace 
is a movable plate or rostrum (a). There are twenty- 
one segments in the body — ^five in the head, eight in the 
thorax (r — t), eight in the abdomen, the last segment 
carrying two pointed processes — the caudal fork. There 
are nineteen pairs of appendages, as in the Malacostraca : 
the head bears two pairs of antennae (c, d), one pair of 
mandibles (w), two of maxillae (q, o) ; on the thorax there 
are eight pairs of leaf-like limbs (f) similar to those of 
the Phyllopods ; the abdomen has six pairs of appendages, 
the first four being large biramous legs (g), the last two 
small (A, k). The two posterior segments are without 
appendages. The eyes are compound and stalked. The 
mandible bears a long, three-jointed feeler or palp (e). 



CRUSTACEA- LEPTOSTBACA. 



The Leptostraca ^ree with the Malacostraca Id 
having the abdomen clearly marked off from the thorax; 



Fio. 126. Parantbalia longipei, Beoent. (After Sara.) x 18. a, ro8- 
tram ; b, eye ; c. aotenDnle ; d, imteana ; «, mandibalar palp ; /, last 
thoracio leg ; g. Gist abdominal leg ; h, k, rudimeDtaiy limbs of fifth 
and eiith abdominal eegmente; !, caudal fork; m, cepbalio part of 
carapaoe; n, maadible ; o, second maiilla ; p, adductor muBcle of 
carapace; g, first maxilla; r, first Begment of tborai; (,ovai7; (,last 
segment of thorax; u, first abdominal segment. 

in possessing five segments in the head, and eight in the 
thorax; and in having nineteen pairs of appendages. They 
differ from the Malacostraca in the carapace being bivalved 
and not attached to the thorax ; in the possession of a 
movable rostrum, of leaf-like thoracic legs, and of eight 
abdominal segments with a caudal fork, but no telson. 

In the characters of the carapace and of the thoracic 
legs, and in the presence of a caudal fork, the Leptostraca 
resemble closely the Phyllopoda; but they differ from 
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them in possessing a rostrum and a mandibular palp ; in 
the long anterior antennae, and in the clear separation of 
thorax from abdomen. Stalked eyes are found in some 
Phyllopoda and in many Malacostraca. 

Some resemblance to the Copepoda is seen in the form 
of the body — especially the abdomen; in the long anterior 
antennae and in the occurrence of a mandibular palp. 

The Leptostraca are clearly generalised types, and are 
probably to be regarded as the last survivors of a primitive 
group of Crustacea. The Order is however without 
representatives in post-Triassic rocks; but a number of 
Crustacea, which closely resemble the living Leptostraca 
in the form of the body, are found in the Palaeozoic forma- 
tions ; they dififer, however, in being much larger and, in 
some cases also, in the possession of a telson, — in these 
respects they approach the typical Malacostraca. The 
appendages of these Palaeozoic forms are very imperfectly 
known, and consequently it is^ difficult to determine their 
affinities satisfactorily. Masticatory organs, which re- 
semble the gastric teeth of the lobster and cray-fish, have 
been found in some of the fossil forms and also occur in 
living Leptostraca. Some of the principal Palaeozoic 
genera are described below. 

Hymenocaris (fig. 127). Carapace semi-oval, smooth, not 
bivalved. Abdomen formed of eight 
segments and four, five, or six caudal 
spines. Appendages unknown. Lin- 
gula Flags. Ex. £[, vermicavda. 

Ceratiocaris. Carapace bi- 
valved, often marked with strite, oval, 
narrow in front, truncated behind and 
with a lanceolate rostrum in front. YioA21, HymenocaHs vermi- 
Body formed of fourteen or more seg- cauda^ Lingola Flags, x i. 
ments, the first seven or more^being 
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covered by the carapace ; telson long and pointed with two lateral 
spines. Tremadoc fieds to Carboniferous. Ex. C, stygia^ G, papilioy 
Ludlow Beds. 

Caryocaris (fig. 128). Carapace bivalved, pod-like, narrow, 
smooth, rounded at one end (pro- 
bably the posterior), truncated at 
the other. Arenig Rocks. Ex. C, 
wrighti, 

Dith3n:*OCari8. Carapace large, 

bivalved, with a narrow anterior 

notch; rostrum unknown. Each Fio. 128. Caryocaris vnighti, 

valve semioval, truncated behind, ^^^K^^' Natural size. 

.,, J. , -o^ ,. T .J The abdomen has not been 

with a median longitudinal ridge ; y-^^^ attached to the cara- 

another ridge at the dorsal margin pace as shown above ; some 

where the valves join. Surface authors consider that the 
-. .^1 ., , T^ broad end of the carapace is 

often with pits or granules. Ex- anterior. 

posed part of abdomen short, with 

a narrow, sharply-pointed telson bearing on each side a spine-like 
appendage. Devonian and Carboniferous. Ex. £>. colei, Carboni- 
ferous. 

DiBCinocariB. Carapace sub-circular, slightly convex, formed 
of one piece with a notch in front in which the triangular rostrum 
is placed. Surface with concentric linear ridges. Silurian. Ex. 
D. hrovmiana, Llandovery. 

Aptychopsis. Similar to the last, but carapace divided into 
two parts by a median suture which starts from the rostral notch. 
Silurian. Ex. A. lapworthi, Llandovery. 



Distribution of the Leptostraca. 

The three living genera are all marine. In Britain 
the earliest representative is Hymenocaris, found in the 
Lingula Flags ; Ceratiocaris occurs in the Tremadoc Beds 
and ranges on to the Carboniferous, but is most abun- 
dant in the Silurian. Caryocaris is characteristic of 
the Arenig Rocks. Aptychopsis and Discinocaris occur 
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in the Silurian. Echinocaris is found in the Devonian; 
and DiUiyrocaris in the Carboniferous. One genus {Aapi- 
docaris) has teen recorded from the Trias. 

OBDEB U. THOBACOSTEAGA. 

In this Order there is a cephalothorax formed by the 
fusion of the head with some or all of the segments of the 
thorax, and this is covered dorsally by a shield or carapace. 
There are thirteen segments in the head and thorax, six 
in the abdomen and a terminal telson. The eyes are 
compound and, except in the Cumacea, are placed on 
movable stalks. 

The Thoracostraca include four sub-orders: — (1) Cu- 
macea, (2) Schizopoda, (3) Stomatopoda, (4) Decapoda. 
The Cumacea are unknown in the fossil state, 

SUB-OHDER II. SCHIZOPODA. 

The Schizopoda (fig. 129) are small, marine Crustacea 
in which the thorax is covered by a well-developed, but 



Fio. 129. A Beoent BebizopoA—NyetiphaTUt norvtgica. (After Watasi.) 
The btaok data indicate the phosphorescent organs; the gilts are 
seen between the caphalothoracio and abdominal appendage*. 
Slightly magnifled. 
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thin, cephalothoracic shield. The eight pairs of thoracic 
legs are biramous and are all similar in character, with the 
exception of the first two, which may serve as maxillipedes. 
The abdomen is long and slender. 

This Sub-Order is not well represented in the fossil 
state. Pakeopalosmon from the Upper Devonian and 
Anthrapalcemon fi*om the Carboniferous are probably 
Schizopods, but have been thought by some writers to be 
Decapods (see p. 306). Other alleged representatives of 
the group have been recorded fi:om the Coal Measures and 
the Solenhofen Limestone (Upper Jurassic). 

SUB-ORDER III. STOMATOPODA. 

In the Stomatopoda the body is long and flattened 
dorso-ventrally ; the cephalothoracic shield is short and 
does not cover the three posterior thoracic segments. 
There are five pairs of maxillipedes. The three posterior 
segments of the thorax possess biramous appendages. The 
abdomen is much larger than the anterior portion of the 
body; its five anterior appendages bear gills, and the sixth 
pair of appendages form with the telson a strong swim- 
ming fin. 

Squilla is the best known genus of this group. All 
the forms are marine and they live in shallow water. 
The Stomatopods are very rare as fossils. A few Crus- 
tacea found in the Carboniferous {e.g. Necroscylla) have 
been referred to this Sub-Order; but undoubted repre- 
sentatives, allied to the existing Squilla, occur in the 
Solenhofen Limestone (Upper Jurassic). Squilla itself 
has been found in the Chalk of Lebanon and in some of 
the Eocene formations (London Clay, etc.). 
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SUB-ORDER IV, DECAPODA. 



The Decapoda include lobsters (fig. 130), cray-fishes, 
crabs, etc. The head, and in almost all cases all the 
segments of the thorax, are covered by a large and 



Via. 130. Qlyphea regleyana, Oifordion. a — e, cephalothorai ; a — b, 
bead ; b — o, thorax ; a, roBtrum ; e—e, abdomen ; d, last abdommal 
segment ; e, teleon ; /, appendage of laet abdomiaal segment ; g, eye 
h — 0, appendageB of cephalothorax ; k—o, ambulatory limba. x f . 

usually strong cephalothoracic shield (a — c); this is 
frequently marked out into an anterior and a posterior 
portion by a groove, — the cervical suture (b), the anterior 
part belonging to the head, the posterior to the thorax. 
The shield in front ia produced into a spine, the rostrum 
(a). The gills are placed in a chamber formed by the down- 
ward prolongation of the cephalothoracic shield. The 
cephalothorax bears thirteen pairs of appendages, five 
belonging to the head, eight to the thorax. On the head 
there are (1) antennules, (2) antennse, (3) mandibles, (4 
and 5) maxillEe; the last three pairs serve as jaws. On 
the thorax the first three pairs of limbs, known as maxilli- 
pedes, function in locomotion and also in mastication ; the 
posterior five pairs are the ambulatory limbs; they are 
uniramous and consist of seven joints, and some of them 
terminate in pincers or cAete, The abdomen bears six, or 



I 
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fewer, pairs of small appendages. The name ' Decapoda ' 
is taken from the five pairs of ambulatory limbs. 

The Decapoda are divided into two sections : — (1) Ma- 
crura, (2) Brachyura. 

Section 1. Mdcrura. 

This section includes the lobsters, shrimps and cray- 
fishes. The abdomen (fig. 130, c — e) is long, well deve- 
loped, and provided with four or five pairs of appendages. 
There is a large caudal fin (e,/) formed by the telson and 
the appendages of the last abdominal segment. 

/Eiger. Body laterally compressed. Abdomen long. Rostnim 
long, with small tubercles. Antennules nearly as stout, but not so 
long as the antennae. Last maxillipedes long, with chelee. Third 
pair of ambulatory legs longer than the others ; the fourth and fifth 
pairs slender and flattened, with chelae. Trias and Jurassic. Ex. 
-^. tipulariitSj Solenhofen Limestone (Upper Jurassic). 

Eryon. Cephalothorax flattened, broader than long, with a 
median dorsal ridge on the posterior part; the lateral margins 
usually dentate, and at the anterior third are deep notches. 
Eostrum short. The first four pairs of ambulatory limbs on the 
thorax bear chelae, those of the anterior pair being larger than the 
others. Abdomen of about the same length as the cephalothorax ; 
the first segment very short. Telson trigonal. Liaa to Cretaceous. 
Ex. E. antiquus, Lias ; E, propinqmis, Solenhofen Limestone. 

Gl3rphea (fig. 130). Cephalothorax ornamented with granules, 
provided with a median groove on the dorsal surface; rostrum 
short. In front of the cervical suture are several spiny or tuberculate 
parallel ridges which extend towards the anterior margin. Posterior 
to the cervical suture are generally two other grooves. The anterior 
pair of ambulatory limbs are much longer than the others. Abdomen 
long. Trias to Cretaceous. Ex. O. regle^ana, Oxfordian ; G. tenuis, 
Solenhofen Limestone (Upper Jurassic). 

Meyeria. Cephalothorax greatly compressed laterally, with 
a sharp rostrum, and a deep V-shaped cervical suture ; the posterior 
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part of the cephalothorax covered with sharp granules. Abdomen 
semi-cylindrical, longer than the cephalothorax, and ornamented 
with rows of granules. Lower Cretaceous. Ex. M, magna. 

Eryma. Body cylindrical. Cephalothorax covered with 
granules, with a median dorsal groove and a deep cervical suture. 
Behind the cervical suture are two nearly parallel grooves which 
imite at the sides. The three anterior pairs of ambulatory limbs 
with chelae, the first pair being very large, the others small. Telson 
undivided. Lias to Upper Jurassic. Ex. E, leptodact^lina, Solen- 
hofen Limestone ; E. elegans, Great Oolite, etc. 

EnoploclSTtiS'- Body large, long, narrow ; surface roughened 
with granules and tubercles. Cephalothorax elevated, narrowing in 
front, with a long rostrum. Behind the deep cervical suture are 
one or two nearly parallel furrows, from which lateral branches pass 
to the cervical suture. First pair of ambulatory legs very strong, 
with large chelae having teeth on the inside of the fixed part; 
second and third pairs of legs slender, also with chelae. Telson 
large, subtrigonal. Upper Cretaceous. Ex. E, leachiy Chalk. 

Hoploparia. Body slightly compressed. Cephalothorax 
covered with fine granules. Kostrum very narrow, long, sharp and 
not dentate. Cervical suture deep, not reaching the margins of the 
carapace ; in front of the cervical suture is a X-shaped groove. The 
two anterior pairs of ambulatory limbs large, provided with chelae. 
Abdomen sub-cylindrical. Lower Cretaceous to Eocene. Ex. ff, 
longimanay Lower Greensand. 

Section 2. Brachyura, 

This section includes the crabs. The abdomen is 
short and small; it is curved up underneath the thorax, 
and bears from one to four pairs of appendages. There is 
no caudal fin. The cephalothorax is often broad. 

Dromia. Cephalothorax oval or rounded, very convex, with 
the entire surface punctate ; anterior part with pointed elevations, 
posterior third with irregular ridges ; divided into regions by two 
transverse grooves. Bostrum short, triangular. Orbital cavity very 

w. P. ' 20 
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deep. First pair of ambulatory legs strong, with large chelae; 
second and third pairs short; fourth and fifth slecder. Abdomen 
of six segments in both sexes. Eocene to present day. Ex. D. 
lamarcki, London Clay. 

Palaeocorystes. Cephalothorax much longer than broad, 
tapering posteriorly, anterior border not dentate; rostrum short. 
Orbital cavities large with two small fissures. Cervical suture well 
defined. The five anterior segments of the abdomen short, the sixth 
quadrangular. Gault and Eocene. Ex. P. stokesi, Gault. 

Eucorystes. Cephalothorax trapezoidal ; anterior part with 
tortuous, band-like elevations ; posterior part smooth or finely 
granular. Cambridge Greensand. Ex. E. carteri, 

Necrocarcinus. Cephalothorax rounded, separated into 
regions by distinct grooves, ornamented with a few prominent 
tubercles. Rostnmi triangular. Orbital cavities rounded, open 
above, with two small fissures. Gault to Chalk. Ex. iT. bechei, 
Cambridge Greensand. 

Xanthopsia. Cephalothorax rounded, convex, surface punc- 
tate, the posterior portion with rounded elevations; the frontal 
border with four, and the anterior-laterals with one to three, tooth- 
like processes. Orbital cavities deep, without fissures. Chelae 
unequal Abdomen of the male narrow and formed of five segments, 
owing to the fusion of the third, fourth, and fifth segments. Abdo- 
men of female broad, composed of seven segments. Eocene. Ex. 
X leachi, London Clay. 

Distribution of the Decapoda. 

Most of the Decapoda are marine, the larger number 
living in shallow water. The earliest undoubted examples 
of the Macrura (Pemphix) appear in the Muschelkalk, 
but a few genera found in the Upper Palaeozoic formations 
may belong to this section ; they are, however, regarded 
by recent writers as more probably Schizopods (p. 302). 
The section becomes abundant in the Jurassic, where, 
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amongst others, the genera Olyphea, Eryon, Mecochirus, 
^ger, and Eryma are found. In the Cretaceous, Enoplo- 
clytia, Hophparia and Meyeria occur. Comparatively 
few forms are found in the Tertiary deposits. 

A few examples found in the Upper Palaeozoic rocks 
may belong to the Brachjoira, but at present they are only 
imperfectly known; the group is represented by two or 
three genera (Prosopon, Palceinachvs) in the Jurassic ; in 
the Cretaceous by Palceocorystes, EucorysteSy Neorocardnvs 
and several others ; in the Eocene numerous forms occur, 
Xanthopsia and Dromia being common. The section at- 
tains its maximum at the present day. 



ORDER m. ARTHROSTRACA. 

There is no cephalothoracic shield. The first (some- 
times also the second) thoracic segment fuses with the 
head and bears maxillipedes. The remaining seven (rarely 
fewer) thoracic segments are free and bear walking legs. 
The abdomen has six pairs of appendages. The eyes 
are sessile. There are two Sub-orders: — (1) Amphipoda, 
(2) Isopoda. 

SUB-ORDER I. AMPHIPODA. 

The Amphipods {e,g, Oammarvs, Talitrus) are usually 
of small size, and the body is compressed fi-om side to side. 
There are six or seven free segments in the thorax, the 
appendages of whit^h bear the gills. The abdomen is 
usually elongated and carries six pairs of appendages ; the 
three anterior serve for swimming, the three posterior for 
jumping. 

20—2 
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Some of the Amphipods are marine, others live in fresh 
water. The marine forms have a wide distribution, and 
are very numerous, especially in shallow water. The fossil 
forms are rare; Necrogammarus from the Lower Ludlow 
rocks of Leintwardine is probably an Amphipod; others — 
but of which the systematic position is a little uncertain — 
have been recorded from the Carboniferous and Permian; 
those found in the Tertiary formations belong mainly to 
genera which are still existing {e.g, Oammarus from the 
Miocene). 

SUB-ORDER n. ISOPODA. 

The body is flattened dorso-ventrally (i.e. from above 
downwards). In the thorax there are 
seven free segments, each with a pair 
of ambulatory appendages. The abdo- 
men is often short, and is formed of 
six segments (frequently ftised) and a 
telson; some of its appendages function 

.^^ Fig. 131. Archceonis- 

as gliiS. CU8 brodieif from 

Many Isopods are marine, others *^? Purbeck Beds. 

r J • 1. I, ^ u-i X r Slightly reduced. 

are found m fresh water, whilst a lew 
live on land (e,g, the wood-louse, Oniscus asellus). The 
fossil forms are rare. An imperfect specimen, from the 
Old Eed Sandstone of Herefordshire, described under the 
name of Prcearcturus gigds, probably belongs to this group. 
Arthropleura occurs in the Coal Measures; Gyclosphxjero-ma 
in the Great Oolite and Purbeckian ; Archceoniscas in the 
Purbeckian (fig. 131); Palcega in the. Cambridge Green- 
sand, the Lower Chalk, and Foreign Tertiary; and Eo- 
sphceroma and other genera in the Oligocene. 
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CLASS III. MYRIAPODA. 

The Myriapoda include the millipedes, centipedes, and 
allied forms. The body consists of a distinctly-marked head, 
followed by segments which are similar in form and size, 
so that, externally, the limits of the thorax and abdomen 
cannot be defined; the segments are usually numerous. 
The head bears one pair of antennae ; and also mandibles 
and maxillae. The segments behind the head (except the 
last) bear in some cases one, in others two, pairs of legs 
each ; in the latter the segments are really double. The 
Myriapods breathe by means of tracheae. 

In the fossil state Mjnriapods are rare. Existing forms 
have been divided into two Orders^: — (1) the Chilopoda, 
or centipedes, (2) the Diplopoda, or millipedes. The first 
undoubted representatives of the Chilopoda occur in the 
amber found in the Oligocene beds of Prussia; the 
Diplopoda have also been found mainly in this amber, 
but one form, which perhaps belongs to this Order, was 
discovered in the Cretaceous rocks of Greenland. The 
Palaeozoic Myriapods differ considerably from the later 
representatives of the group and are regarded as con- 
stituting two distinct Orders which are confined to the 
Palaeozoic formations. The earliest examples belong to 
the genera Kampecaris and Archidesmus, and occur in 
the Old Red Sandstone of Scotland ; a larger number of 
forms {e.g, Xylohius, Euphoheria) are found in the Car- 
boniferous, and some are present in the Permian rocks. 

CLASS IV. INSECTA. 

The body of an insect can be separated into head, 
thorax, and abdomen. The head is formed of fused 

^ These are regarded as two distinct Glasses by Lankester. 
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segments; it bears four pairs of appendages — one pair 
of antennae, one of mandibles, and two of maxillae. In 
the thorax there are three segments, each bearing one 
pair of legs ; the second and third segments usually cany 
a pair of wings on their dorsal surfaces. The abdomen is 
composed of several (commonly ten) segments, which do 
not bear limbs. Insects breathe by means of tracheae. 

The earliest Insects at present known are Protodmex 
silurica from the Ordovician of Sweden, and PalceohlaUina 
douvillei found in the Silurian rocks of France. Others 
occur in the Devonian of North America. In the Coal 
Measures of some districts the group is represented by a 
considerable variety of forms. Remains of insects have 
been found at many horizons in the Mesozoic and Caino- 
zoic formations; in England they are not uncommon in 
certain divisions of the Lias, the Purbeck, the Wealden, 
and the Bembridge Beds. They are well represented in 
the Solenhofen Limestone (Upper Jurassic) of Bavaria, in 
the Miocene of Oeningen in Switzerland, and particularly 
so in the amber of the Oligocene beds of Prussia. 

The Insects found in the Palaeozoic formations are 
considered by Scudder to be more generalised than the 
later forms. He regards them as constituting a distinct 
Order ; Brongniart, however, by a careful study of better- 
preserved specimens, has shown that these early insects can 
all be placed in the Orders adopted for existing forms, but 
that in Palaeozoic times the Orders were less sharply 
separated than at the present day. 

The Insecta include an enormous number of forms, 
and the specimens found fossil are usually very imperfectly 
preserved, so that nothing more than a brief sketch of the 
distribution of the chief groups can be attempted here. 

The Class is divided into eight Orders :— 
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OEDEE I. APTERA. 

Examples of this Order (which contains small wingless 
forms such as Lepisma, the silver-fish) occur in the Coal 
Measures of Commentry, and several have been found in 
amber fi-om the Oligocene rocks. 

ORDER II. ORTHOPTERA. 

The ForficulidaB (earwigs) occur first in the Lias; 
others have been found in the Oligocene amber but they 
are not common. Examples of the Blattidae (cockroaches) 
are found in the Trias and are fairly common in the 
Jurassic; the Tertiary forms occur mainly in the Oligocene 
amber. Palceoblattina, firom the Silurian, has been referred 
to the BlattidsB, but its aflBnities have not yet been defi- 
nitely proved. Ancestors of the LocustidsB (locusts) and 
the Acridiidse (grasshoppers) are known first- in the Coal 
Measures; a few forms belonging to these families have 
been obtained fi'om the Jurassic and Tertiary deposits. 
The GryllidaB (crickets) occur in the Lias, and several 
forms have been found in the Tertiary rocks. 

ORDER ra. NEUROPTERA. 

The earliest examples of this Order occur in the 
Devonian : in the Coal Measures quite a variety of forms 
are met with. TermitidaB (white ants) have been dis- 
covered in the Lias, and many examples have been found 
in Tertiary rocks. Forms allied to the Ephemeridse (may- 
flies) are present in the Coal Measures; others occur in the 
Solenhofen Limestone and in the Oligocene amber. The 
Libellulidae (dragonflies) have representatives in the Coal 
Measures, the Lias, the Solenhofen Limestone, and the 
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Wealden; and some occur in the Tertiary formations. 
A few examples of the Phryganidse (caddis-flies) are 
known from the Mesozoic rocks, and various forms exist in 
the Tertiary beds. 

ORDER IV. LEPIDOPTERA. 

Butterflies and moths are very rare as fossils. A 
few have been recorded from the Jurassic rocks; they 
are better represented, although still very uncommon, in 
the Tertiary beds. 

ORDER V. COLEOPTERA. 

The Coleoptera (beetles) first appear in the Trias; 
they are more numerous in the Jurassic, and are well 
represented in some of the Tertiary beds. 

ORDER VI. HEMIPTERA. 

ProtocimeXy from the Ordovician, probably belongs to 
this Order. Other forms have been recorded from the 
Upper Palaeozoic rocks. Examples of the Aphididse (plant- 
lice) are found in the Wealden strata, and there are many 
forms in the Tertiary. The CicadidaB occur in the Lias 
and are abundant in the Tertiary. The Notonectidae 
(water-bugs) appear in the Tertiary rocks. 

ORDER VII. DIPTERA. 

The Diptera include flies, fleas, gnats, and mosquitoes. 
A few forms are found in the Lias, the Solenhofen 
Limestone, and the Purbeck Beds; the Order is repre- 
sented by numerous forms in the Tertiary strata. 
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ORDER Vni. HYMENOPTERA. 

This Order includes the ants, bees, and wasps. One 
form has been found in the Lias, a few occur in the 
Solenhofen Limestone and the Purbeck Beds; a larger 
number are met with in the Tertiary rocks. 

CLASS V. ARACHNIDA. 

Scorpions, spiders, and mites are common forms of the 
Arachnida. In the members of this Class the anterior 
segments of the body are fiised together, forming a 
prosoma or cephalothorax. This region usually bears six 
pairs of appendages ; antennae are absent ; the first and 
second pairs of appendages — ^known as chelicerce and pedi- 
palpi — end in chelae, and serve mainly as jaws ; the four 
remaining pairs are long limbs which are used for loco- 
motion and to some extent in mastication, and are placed 
behind the mouth. The abdomen may or may not be 
segmented ; in some groups it is divided into an anterior 
and a posterior region (mesosoma and metasoma). The 
appendages of the abdomen are never in the form of 
locomotory limbs. The Arachnids breathe by means of 
lung-books, tracheae, or branchiae. 

The Class is divided into nine Orders : — 

ORDER I. XIPHOSURAi. 

The only living representative of the Xiphosura is 
lAmulus, the king-crab (figs. 132, 133), found on the eastern 
shores of North America and Asia, and in the Malay 
Archipelago. The body of Limulus consists of a cephalo- 

^ Some authors include the Xiphosura and the Eurypterida in one 
group — the Merostomata. 



ARACHNIDA. XIPH08URA. 



thorax or proaoma (fig, 132 A) and an abdomen (B) which 
bears a long, movable tail spine (0), 



FiQ. 132. Limaltu polypiemia, Beceut. A, cephalothorai (prosoma). 
B, abdomen. C, portion of the caudal spine. 1 — 6, appendages of 
the oephalothontx ; 1, ohelicern| 2,pedipalpi; 3 — 3, ambnlator; legs ; 
7—12, appendages of the abdomen ; 7, operculum ; 8 — 13, lamelln 
bearing gills, m, month. Bednced. 

The cephalothorax is covered dorsally by a large crea- 
centic or nearly semicircular carapace (fig. 133, 1), which 
is very convex above and carries on its upper surface two 
pairs of eyes, one compound (5), the other simple and termed 
ocelli (4), The compound eyes are placed near the middle 
of the lateral parts of the cephalothorax ; the simple eyes 
are close together near the anterior margin. The abdo- 
men is more or less quadrate in outline and ia movably 
articulated with the cephalothorax ; both have two longi- 
tudinal furrows on the dorsal surface, dividing a narrow 
axial part from a broad lateral portion on each side. The 
abdomen is composed of six fused segments, the segmen- 
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tatioa being ahown by grooves on the dorsal surface ; but 
a small posterior part of it is without grooves and is 
thought to represent the metasoma of the scorpion. The 
abdominal shield bears movable spines on eeich side. 



Fia. 133. LtntuIuB polyphemiu, Becent. Daisal view. 1, carapace 
cOTeriog proaoma f^phalothornx) ; 2, abdominal abield ; 3, tail- 
spine; 4, ocelli; 6, lateral eyes. (From SMpley and MacBride.) x J. 
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The cephalothorax carries six pairs of appendages on 
its under surface ; the anterior pair (fig. 132, l) (chelicerce) 
only are placed in jfront of the mouth and are siaall, three- 
jointed appendages with chelae. The other five pairs 
(2—6) are the long, six-jointed walking-legs and are 
placed at the sides of the mouth ; most of them end in 
chelae and their basal joints (except in the sixth pair) 
function in mastication. The abdomen carries six pairs of 
appendages ; the anterior pair, forming what is known as 
the operculum (7), are plate-like and have the genital 
openings on their posterior surfaces. The operculum 
covers the remaining five pairs of appendages, which are 
also plate-like and bear the gills on their posterior surfaces. 

From the account given above it will be noticed that 
Limulus resembles the scorpions in several respects. In 
both, the jfront region of the body (prosoma or cephalo- 
thorax) consists of six fiised segments, covered dorsally 
by a carapace which bears a pair of simple eyes and also a 
pair of groups of eyes (' compound eyes *). The mesosoma 
of Limulus differs jfrom that of the scorpions in having 
the segments fused, and the metasoma of the former is 
much reduced ; but both agree in possessing a tail spine 
behind the anus. In both cases the prosoma bears six 
pairs of appendages which are very similar in form and 
position. In the mesosoma of both the genital operculum 
represents the first pair of appendages; the second pair 
are the pectines of the scorpions, and the first plate which 
bears gill-books in Limulus, The next four segments 
carry lung-books in the scorpions and gill-books in Limu- 
lus, From these and other characters it is concluded that 
Limulus is allied to the Scorpionida rather than to the 
Crustacea as was formerly supposed. The differences be- 
tween the mesosoma and metasoma of Limulus and the 
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scorpions are, to some extent, bridged over by some of the 
Palaeozoic Xiphosura described below. 

Limulus appears first in the Trias; it is common in 
the Solenhofen Limestone and is also represented in the 
Oligocene. In the Palaeozoic 
deposits — jfrom Silurian* to Car- 
boniferous — several other Xipho- 
sura occur; some of these (fig. 
134) differ iromLimuliLS in having 
some or all of the abdominal seg- 
ments fi'ee, and also in having a 
post-abdomen (metasoma) clearly 
separable fi:om a pre-abdomen Fio 134. Hernia^ limu- 

*■ *■ Undes, from the Lower 

(mesosoma). In these respects Ludlow Beds, x j. 

they approach both the Euiy- 

pterida and the Scorpionida. A few forms show indica- 
tions of sutures similar to the facial sutures of Trilobites. 
The examples found in the Coal Measures may perhaps 
have lived in fi-esh water. 

Belinurus. Form similar to lAmvlvA, Cephalothorax semi- 
circular, with a flat border and spines from the angles ; central part 
raised. Pre-abdomen of five free segments, with the lateral parts 
produced into spines. Post-abdomen small, formed of three fused 
segments with a long caudal spine. Coal Measures. Ex. B, reginoB, 

Prestwichia. Cephalothorax similar to Belinurus. Ab- 
dominal segments (probably seven) fused, with a flat marginal part 
and a short caudal spine. Coal Measures. Ex. F, rotundata. 

Hemiaspis (fig. 134). Cephalothorax semicircular, with spines 
at the external margin and angles ; central part raised. Pre-abdo- 
men of six free segments ; post-abdomen much narrower, of three 
segments and a long caudal spine. Silurian. Ex. ff, ItmtUotdes, 

^ AglaspiSt from the Cambrian of Wisconsin, is referred by some 
authors to the Trilobita, by others to the Xiphosura. 
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Bunodes. Similar to Remmspia, Cephalothorax without 
spines. Pre-abdomen with broad axial part. Post-abdomen of four 
segments. Silm-ian. Ex. B. lunrda. 

Neolimulus. Cephalothorax very broad, with ocelli and 
compomid eyes ; a sutm^ passes from the angles to the compound 
eyes. Abdomen with eight or more free segments. Silurian. Ex. 
iV. falcatus. 

Distribution of the Xiphosura. 

Fossil Xiphosura are rare, except in the Solenhofen 
Limestone (Upper Jurassic). The chief genera are : 

Silurian, ffemiaspis, NeolimiduSy Bunodes, Paevdoniscus. 
Carboniferous. Bdinwnis, PrestwicJda, 
Trias and Jurassic. LimvXvA. 

ORDER II. EURYPTERIDA. 

The Eur3rpterids are found only in the Palaeozoic rocks 
and are remarkable for the large size which they usually 
attain ; one form {Pterygotus anglicm) reaches a length of 
six feet and is the largest Arthropod known. The Eury- 
pterids have a scorpion-like appearance; but, unlike the 
scorpions, they were all aquatic animals, and, with the 
possible exception of forms found in the Coal Measures, all 
marine. The body is protected by a chitinous skeleton 
(fig. 135) which is covered by small scale-like markings. 

The six anterior segments are fused together and form 
a cephalothorax or prosoma, which is usually quadrate or 
semicircular in outline. The carapace or shield, which 
covers the dorsal surface of the cephalothorax, bears a pair 
of simple eyes (ocelli) near its centre (fig. 135, e), and also 
two groups of eyes — one at each of the outer fi:ont margins 
or near those margins (d). 
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Behind the cephalothorax come the twelve free and 
movable segments of the abdomen; in Pterygotus (fig. 




Fia. 135. Dorsal surface of Pterygotus osiliensiSt from the Upper Silnrian, 
Bootzikiill. c, first pair of appendages ; <2, componnd eyes ; e, ocelli ; 
g, telson ; 5', sixth pair of appendages ; 1 — 7, segments of the 
prosoma or pre-abdomen ; 8 — 12, segments of the metasoma or post- 
abdomen. Bednced. (After Schmidt.) 

135) the width of these segments gradually decreases in 
passing from the anterior to the posterior end^ but iu most 
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other cases (fig. 137) they are divisible into two groups ; 
the seven anterior are broad, forming the pre-abdomen or 




Fio. 136. Ventral surface of Pterygotus osiliensis, from the Upper Silurian, 
Bootzikiill. a, epistome ; &, metastoma ; c, first pair of appendages ; 
d, compound eyes ; /, operculum ; p, telson ; 1' —6', second to sixth 
pairs of appendages ; I. — V., 7, ventral plates of the prosoma or pre- 
abdomen; 8 — 12, segments of the metasoma or post-abdomen. 
Reduced. (After Schmidt.) 

mesosoma (fig. 137, vii. — xiii.), the five posterior are 
narrow, forming the post-abdomen or metasoma (xiv. — 
XVIII.), at the end of which is the telson {g)\ this is some- 
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times {Euryptems) spine-like, but usually in the form of 
an oval plate which may be produced into a median spine 
as in Slimonia, or divided at the end as in some species of 
Pterygotus, Each segment of the prosoma (pre-abdomen) 
is covered by a dorsal shield and a ventral plate, but in 
the metasoma (post-abdomen) each segment is surrounded 
by a continuous chitinous sheath. 

The mouth is on the under surface of the cephalo- 
thorax (fig. 136). In fi:ont of the mouth there is one pair 
of appendages only (c), which end in chelse and are usually 
small. The other five pairs of appendages' (l'— 6') are 
placed at the sides of and behind the mouth ; they consist 
of fi-om six to eight joints each, and are sometimes chelate ; 
they functioned in locomotion, and also in mastication 
since the basal joints are provided with tooth-like pro- 
cesses; the posterior pair (6') (except in Stylonurm) 
are very much larger than the others and have a very 
large basal joint. Placed just behind the mouth, in the 
median line, is an oval or heart-shaped plate — the meta- 
sioma (6). Immediately in fi:ont of the mouth is another 
plate, the epistoma (a). 

The six segments of the prosoma are covered on the 
ventral surface by five plate-like structures (I. — V.) 
beneath which are the leaf-like gills (fig. 137, c). The first 
plate, known as the operculum, is divided in the middle 
and has a median process ; it corresponds with the genital 
operculum of Limulus, The segments of the metasoma or 
post-abdomen (fig. 136, 8—12) are protected by continuous 
chitinous rings and bear no appendages. 

In many respects the Eurypterids resemble both the 

Scorpionida and the Xiphosura. With the former they 

agree in the form of the body; in the number of segments 

and their arrangement into three regions; and in the 

w. p. 21 
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characters of the two pairs of eyes. In both Eurypterids 
and Scorpions the prosoma bears six pairs of appendages 
which are similar in position and in general form ; but in 
the Eurjrpterids the number of joints in the walking legs 
varies, and the basal segments of all assist in mastication ; 
the last leg is also very much larger relatively than in 
the scorpions. A genital operculum occurs in both, but 
is much larger in the Eur3^terids than in the Scorpions. 
The pectines are absent in the Eurypterids, except in 
Olyptoscorpius from the Carboniferous — and this form is 
regarded by some authors as more probably a scorpion 
than a Eur3^terid. The lung-books of the scorpions are 
represented by the leaf-like gills of the Eurypterids. In 
both groups the metasoma is without appendages and 
ends in a telson or tail-spine. The diflferences between the 
Eur3rpterids and recent scorpions are to some extent 
bridged over by PalcBophonus, a Silurian scorpion (see 
p. 327). One of the most characteristic features of the 
Eurypterids is the large metastoma. 

Limulus agrees with the Eurypterids in having the 
carapace covering the prosoma, and in the characters of 
the two pairs of eyes, but diflfers in that the segments 
behind the prosoma are fused together. The appendages 
of the prosoma agree with those of Eurypterids in number 
and position, and are similar in structure, but the number 
of joints diflfers, and in the Eurypterids the first pair only 
of appendages end in chelae. The genital operculum and 
the gill-books are similar in both cases. 

Euiypterus. Cepbalothoracic shield quadrate, the anterior 
angles rounded ; the compound eyes are not at the margin, but 
a little in front of the median lateral point on each side. The telson 
is long, narrow, and pointed. The pre-oral appendages are small 
and chelate ; the second, third and fourth pairs of appendages consist 
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of six or seven joints and bear 
spines; the fifth are longer than 
the preceding and without spines ; 
and the sixth pair are much longer 
and also larger. The metastoma 
is oval. Lower Ludlow to Car- 
boniferous. Ex. E. scorpioidesy 
E, fischeri^ Upper Silurian ; E, 
scatUeHy Carboniferous. 

Stylonurus. Form similar 
to Eurypterusy but the two pos- 
terior pairs of appendages are very 
long and slender. Upper Silurian 
and Old Red Sandstone. Ex. S. 
povTiei, same range. 

Pteiygotus (figs. 135, 136). 
Cephalothoracic shield rounded in 
front ; the compound eyes are 
placed at the margins. The 
telson is oval and either bilobed 
or pointed at its extremity. The 
pre-oral appendages are long and 
chelate ; the sixth pair long and 
stout. Metastoma oval. The ex- 
amples of this genus are often 
of enormous size, P. anglicus 
sometimes reaching a length of 
nearly six feet. Lower Ludlow to 
Old Red Sandstone. Ex. P. angli- 
cus. Old Red Sandstone ; P, bilo- 
bns, Upper Silurian. 

Slimonia (fig. 137). Cephalo- 
thoracic shield quadrate ; the com- 
pound eyes at the anterior angles. 
Segments of the mesosoma (pre- 
abdomen) much larger than those 
of the metasoma (post-abdomen). 
The telson is oval, ending in a 




Fio. 137. Slimonia. Restoration 
of the under surface by M. 
Laurie. &, metastoma ; c, leaf- 
like gills seen through the 
ventral plates of the abdomen ; 
g, telson ; I. — VI. appendages 
of the cephalothorax ; VII. — 
Xni., segments of the meso- 
soma or pre-abdomen ; XIV. — 
XVIII., segments of the meta- 
soma or post-abdomen. Re- 
duced. 

21—2 
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point Metastoma heart-shaped. The pre-oral appendages (cheli- 
cerss) are small and chelate ; the second pair of appendages are 
slender, composed of six joints, and are not chelate. The third, 
fourth, and fifth pairs are seven-jointed, and similar in size and 
form. The sixth pair are longer and have a very large basal joint. 
Upper Ludlow and Passage beds. Ex. S. acumincUOy uppermost 
beds of the Silurian. 

Distribution of the Eurypterida. 

This Order ranges from the Cambrian to the Permian, 
but is most abundant in the Upper Silurian and the Old 
Red Sandstone. The only form known from the Cambrian 
is Strahops, from Missouri. The chief genera in the Silu- 
rian and Old Red Sandstone are Eurypterus, Styhnurus, 
Pteiygotus and Slimonia ; and in the Carboniferous Eury- 
pterus, 

ORDER m. SCORPIONIDA. 

The scorpions (fig. 138) have a long, narrow body, in 
which three regions are clearly marked. The front, known 
as the prosoma or cephalothorax, consists of six fused 
segments, covered dorsally by a carapace which bears a 
pair of simple eyes (ocelli) near its centre, and a group of 
simple eyes at each of the two outer front margins. The 
^Tai^dle region of the body — the mesosoma or pre-dbdomen 
(7__I5) — is formed of seven free segments, which are short 
'v and bJoad ; the chitinous sheath of each segment consists 
N of a dorS^-l plate or tergwm and a ventral plate or stemu/m, 
1 The posterior portion of the body is the metasoma or post- 
abdomen (14). and is formed of five narrow segments, each 
being encaseain a complete chitinous cylinder; at the 
end of the last\ segment is the tail-spine or telson (15), 
which bears the ^ison glands. The anal opening is on 
the last segment. 
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The prosoma bears six pairs of appendages : — (1) the 



Fio. 138. Ventral view ot an Indian Soorpion, Scorpio iwammtrdami. 
1, chelicera; 2. pedipalp; 3. 4, 6, 6, walking-legs; 7, genital oper- 
oalnm ; 8, peotioea ; 9, 10, 11, 13, the four right stigmata leadiog to 
the lung-bookH ; 13, last segment of mesosoma ; 14, third s^ment of 
metasoroa; 16, t«lsan. (From Sbiple; and MacBride.) x}. 
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chelicercB (fig. 138, l) are small three-jointed limbs with 
chelte, placed just in front of the mouth ; (2) the pedi- 
palps (2) are the largest appendages and are placed at 
the sides of the mouth ; they consist of six joints, ending 
with chelae, and the basal joints function in mastication ; 
(3—6) next come four pairs of seven-jointed walking legs 
which end in claws, instead of chelee ; the basal joints of 
the third and fourth pairs assist in mastication. 

On the seventh segment of the body (the first of the 
mesosoma) there is a small rounded plate^the genital 
operculum (fig. 138, 7). The eighth segment bears the 
pectines (8), which consist of a stem with a row of short 
processes like the teeth of a comb. On segments nine to 
thirteen, there are, in the adult, 
no proper appendages; but a 
pair of oblique, slit-like open- 
ings — the stigmata, leading into 
the lung-books, occur on each of 
the segments nine to twelve'. 
The metasoma (segments 14 to 
19) has no appendages. 

Although this Order is of 
great antiquity, it has but few 
fossil representatives. PaltBopho- 
fiits occurs in the Silurian rocks 
of Gothland and Lanarkshire ; 
Proscorpius in the Silurian of 
North America. Eoscorpius is 
found in the Carboniferous of 
Scotland, the Midlands,and North 
America. One form (Tityus) is 
known from the Oligocene beds. 



FlQ. 139. PaUtophomu cale- 
donicus from the Upper Silu- 
rian of Lesmahago, Lanaik- 
ebire. BestoratioD of ventral 
Barfaee bj B. I. Pocock. 



' Segment 13, which has no atigmata, is regarded by soma authors ai 
the first segment of the metasoma. 
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EosGorpius does not differ in any important respect 
jfrom living scorpions, and appears to have been quite as 
highly organised. PalcBophonus, however, is rather more 
primitive in some of its characters; the walking legs 
consist of nearly equal-sized joints and seem to be without 
claws; the basal joints of all these legs could serve to 
some extent as jaws and in this respect resemble the 
walking legs of Limulus and the Eurypterida. Fcdwo- 
phonuSy unlike later scorpions, seems to have been aquatic, 
since it is found associated with marine fossils, and more- 
over, stigmata appear to have been absent — it probably 
therefore breathed by means of branchial lamellae instead 
of lung-books. 

The remaining Orders of the Arachnida are but poorly 
represented in the fossil state ; their general distribution 
is briefly indicated below. 

ORDER IV. PSEUDOSCORPIONIDA, 

This Order includes the book-scorpions (Ghelifer can- 
croides) and others. Various forms, belonging to existing 
genera, occur in the Oligocene amber, e,g. Ghelifer, Ghemes, 

ORDER V. PEDIPALPI. 

The scorpion-spiders are represented by Oeralinura in 
the Carboniferous, and by Phrynus in the Tertiary rocks. 

ORDER VI. ARANEIDA. 

Spiders belonging to the genera Protolycosa and 
Palaranea are found in the Coal Measures. In the 
Oligocene — especially in the amber of Prussia — a large 
number of forms occur. 
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ORDER Vn. PHALANGIDA (or OpUionina). 

The examples of this Order are commonly known as 
'harvest-men'; they have only yet been found fossil in 
the Oligocene amber. 

ORDER Vin. ACARINA. 

This Order comprises the mites and ticks. Various 
forms of mites, belonging chiefly to living genera, occur in 
the Oligocene amber. 

ORDER IX. ANTHRAGOMARTI. 

The Anthracomarti are found in the Carboniferous 
rocks only, and are related to the Pedipalpi and Pseudo- 
scorpionida. Some of the principal genera are Architarhis, 
Anthracomartus, Kreischeria, Eophrynm. 
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Barbados Earth, 28 
Barnacles, 295 
Barroisia, 44 
Basal budding, 78 

„ epitheca, 79 

„ plates. 111, 133, 143 
Batostoma, 184 
Bees, 313 
Beetles, 312 
Belemnitellaf 265 
Belemnites, 263 
BelemnoteuthiSj 265 
Belinwrns, 317 
BeUerophoUy 224 
Belopteruy 268 
Belosepia, 263, 268 
Berenicea, 183 
Beyrichia, 294 
Bigeminal, 114 

Bilateral symmetry, 73, 118, 186, 216 
Biloculinat 20 
Biramous appendages, 271, 280, 

297, 302 



Bithynia, 236 

Blastoidea, 143 

BlastoidocriimSf 148 

Blastostyle, 50 

Blattidae, 311 

Blue coral, 90 

Body-cavity, 99, 153, 180, 187, 270 

Book-scorpions, 327 

Boring, lamellibranchs, 198 

Boss, 115 

Bothriocidaris, 115, 118, 127 

BotryocrinuSy 136 

Bourguetiaf 240 

BourgueticrinuSy 138 

Brachial plates, 133 

„ skeleton, 159 
Brachiole, 140, 146 
Brachiopoda, 153 
Brachymetopus, 292 
Brachyura, 305 
BranchisB, 189, 270, 313 
Branchial siphon, 190 
Brittle-stars, 106 
Bronteus, 288 
Bryograptus^ 65 
Bryozoa, 179 
Buccal plate, 107 
BuccinopsUf 240 
Buccinum, 230 
Budding (corals), 78 
Bulla, 233 
Bunodes, 318 
Butterflies, 312 
Byssal sinus, 189 
Byssus, 189 

Caddis-flies, 312 
Galamary, 261 
Calcarea, 43 
Calcarinat 22 
Calceocrintu, 139 
CalceoUii 85 
CaldspongisB, 43 
Calcite, 3^, 100, 196 
Galicular budding, 78 
Calliderma, 105 
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GallograptuSy 62 
Calloporay 184 
Callus, 220 
Calymene, 287 
Galyptoblastea, 50, 61 
Calyptraa, 227 
Calyx (blastoids), 143 

>, (corals), 75 

„ (crinoids), 130 

„ (cystideans), 140 

M (edrioasteroids), 148 
Camerospongia, 46 
Campanularia, 52 
Camptonectesy 206 
Cancellaria, 240 
Capulusy 227 
Garabocrinust 147 
Carapace, 297, 301 
Carbonicola, 209 
Carbonisation, 6 
Gardiaster, 125 
Cardinal process, 158 

„ teeth, 193 
Gardiniaj 209 
Gardiocerasy 266 
Cardiola, 200 
Gardita, 208 
Gardium, 207 
Carina, 296 
GaryocanSf 300 
Garyophyllia, 95 
GassianHlay 216 
GatopyguSf 124 
Caudal fin, 304, 306 
fork, 273, 297 
Gelleporay 185 
Centipedes, 309 
Central disc, 55 
Centro-dorsal plate, 131 
Cephalic shield, 274 
GephaliteSy 46 
Cephalopoda, 241 
Cephalothoracic shield, 271, 302, 

303, 307 
Cephalothorax, 271, 301, 305, 313, 

314, 318, 324 



GeratiocariSi 299 

Geratites, 254 

Ceratosa, 38 

GerioporUy 185 

Gerithium^ 228 

Geromyay 213 

Cervical suture, 303 

Ghcetetest 96 

Chaetopoda, 161 

Ghama, 206 

Ghasmopsy 289 

Cheeks (Trilobita), 274, 275 

Cheilostomata, 183 

GheiruruSy 289 

ChelaB, 303, 313, 316 

ChelicersB, 313, 316, 326 

Ghelifer, 327 

Ghemesy 327 

Chert, 27, 28 

Chilopoda, 309 

Ghirodota, 129 

Chitin, 3, 17, 49, 50, 53, 270 

C/iifon, 222 

GhlamySy 206 

GhoneteSy 168 

Ghrysodomiis, 231 

Cicadidee, 312 

GidariSy 120 

Cilia, 15 

Cirri, 131 

Cirripedia, 295 

Ctn-Ms, 226 

GladisciteSf 268 

Gladophylliay 98 

Class, 13 

Classification, 13 

Glathrodictyarif 70 

GlimacograptuSy 66 

Glisiophyllumy 84 

Clistenterata, 163 

GUmograptvSy 66 

Glymeniay 263 

GlypetiSy 124 

Cockroaches, 311 

GodasteVy 147 

Coelentera, 47 
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Ccelenteron, 47, 48, 71 
Ccelom, 99 

CoRhmautilus, 249, 268 
Coenenchyma, 79 
CosnograptuSf 65 
Coenosarc, 48, 79 
CosnothyriSf 174 
Coleoptera, 312 
Gollyrites, 124, 127 
Columella (Corals), 76 

(Gasteropoda), 219, 220 
Common canal, 53, 56 
Communication-plates, 182 
Concentric operculum, 221 
Conchidiumy 170 
Conical gasteropoda, 221 
Conjugate pores, 114 
Conocardium, 202 
ConocepfialiteSy 286 
Gonocoryphey 286 
Conotheca, 265 
Gonulariay 235 
Conusy 232 
Convergence, 14 
Convolute gasteropods, 222 
Copepoda, 272 
Coralline zone, 238 
Corallite, 75 
Goralliumy 88, 97 
Corallum, 74 
Corals, 71 
Gorbiculay 210 
Garhula, 212 
Corona, 110, 112 
Corticata, 15 
Corynella, 43 
Goscinocyathvs, 97 
Gosmoceras, 260 
Costae, 77 
Gottalditty 127 
Crabs, 305 
Grania^ 166 
GrassatelUiy 208 
GrassatelliteSj 208 
Graticulariay 37, 45 
Crayfish, 304 



Crickets, 311 
GrioceraSy 261 
Grisinay 185 » 
GristeUariay 22 
GrotalocrinuSy 136 
Crustacea, 270 
Gtenodonta, 200 
Ctenophora, 48 
Ctenostomata, 182 
Gucullceay 200 
Cumaoea, 301 
GupressocrinuSy 139 
Cuttle-bone, 262 
Cuttle-fish, 241, 261 
Gyathocrinusy 136 
Gyathocystis, 150 
Gyathophyllum, 83 
GycloliteSy 98 

Gyclonemay 240 

Gydophyllum, 84 

Gyclospfueromay 308 
Cyclostomata, 182 

Cylindrical gasteropods, 221 

Gyphosomay 122 

GyprcBay 230 

Gypridea, 294 

GyprinUy 210 

GypriSy 294 

Gyrena, 210 

Gyrtiay 171 

GyrtoceraSy 248 

Gyrtodontay 215 

GyrtograptuSy 66 

Cystidea, 140 

Gystiphyllumy 85 

Gythere, 294 

Gytherea, 211 

DactylioceraSy 259 * 
Dactylopores, 68 
Dactylozooid, 50, 68 
DalmaniteSy 289 
Daphnia, 272 
Decapoda (Cephalopoda), 263 

„ (Crustacea), 303 
Deiphouy 289 
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Delthyrium, 167 

Deltidioin, 157 

Deltoid plates, 145 

Demi-plates, 113 

DemospongiflB, 38 

Dendrocrinusy 139 

DendrograptuSt 52 

Dendroid corals, 79 
n graptolites, 52 

Dendrophyllia, 78, 98 

Dental plates, 155 

Dentalina, 17 

Dentalium, 241 

Dermal branchisB, 104 
„ layer (sponges), 29 

Desmas, 4S) 

Desmodont, 193 

Development of graptolites, 59 
of corals, 77 
of brachial skeleton, 

160 
of ammonoids, 252 
of trilobites, 282 

Deztral gasteropods, 218 

Diastopora, 183 

Dibranchia, 261 

DicellograptuSf 66 

DichograptuSt 65 

DicranograptuSf 66 

DictyograptuSy 52 

Dictyonenuif 52 

Dictyophytorit 37 

Dicydic, 133, 136 

DidynwgrapttiSf 64 

Dielasnuiy 174 

DimorphograptuSf 66 

Dimyaria, 190, 192,498 

Diplograpttu, 62, 66 

Diplopoda, 309 

Diplopodiay 122 

Diprionidian, 56 

Diptera, 312 

Disc (Asteroidea), 101 
„ (Ophiuroidea), 107 

Diseinay 165 

Disciniscay 165 



DUcinocaris, 300 
DisciteSy 249 
DiscitoceraSy 249 
Discoidal gasteropods, 221 
Discoideay 123 
Discomedusee, 71 
Dissepiments, 77, 80 
DithyrocariSy 300 
Divaricator muscles, 158 
Dorsal cup, 133 
Dorso-oentral plate, 112 
Dorydemuiy 41 
Dosiniay 211 
DouviUeiceraSy 268 
Dragon-flies, 311 
Dreissensiay 216 
Dromia, 305 

Ears (Lamellibranchs), 195 
Earwigs, 311 
Ecardines, 163 
Echinohrissusy 124 
EchinocariSy 301 
Echinoconusy 123 
EchinocorySy 125 
EchinocyamuSy 129 
EchinocystiSy 127 
Echinoderma, 98 
Echinoidea, 109 
Echinosphara, 142 
Echinothuriay 115 
Echinozoa, 101-130 
Echinusy 122, 129 
Ectocyst, 180 
Ectoderm, 47 
Ectoprocta, 182 
Edmondiay 215 
EdrioasteTy 149, 150 
Edrioasteroidea, 148 
EUumotomay 44 
Elentherozoa, 101 
EllipsocephaluSy 292 
Elongate gasteropods, 221 
Emarginulay 224 
Encrintinw, 289 
Encrinus, 137 
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Endoceras, 266, 268 
Endoderm, 47 
Endopodite, 271, 280 
Endothyra, 21, 24 
Enoploclytiaf 305 
Entalophora, 185 
EntomiSy 294 
Entomostraea, 272 
Entoprocta, 182 
Eophryniu, 328 
Eoscorpius, 326, 327 
Eosphteronuiy 308 
EphemeridaB, 311 
Epiaster, 117 
Epistoma, 321 
Epitheca, 75 
Erodonat 216 
Erynuif 305 
^r^on, 304 
Esoatcheon, 192 
Esthena, 273 
EthmophyUumt 97 
EticalyptocrinuSf 135 
Eucladia, 109 
EucorysteSf 306 
Eudeaia, 175 
Euechinoidea, 118 
Euoniphalus, 224 
Euphoberia, 309 
EurycarCy 285 
Eurypterida, 318 
Eurypterus, 322 
Euthyneura, 233 
EvolntioD, 11-13 
Excnrrent canals, 31 
Exhalent canals, 31 
Exogyra, 204 
Exopodite, 271, 280 
Exsert septa, 76 
Eyes (Trilobites), 276 

Fabularia, 20 
Facetted plenrsB, 278 
Facial snture, 275 
Family, 13 
False columella, 76 
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Fasciculariat 183 

Fasoiole, 117 

FavositeSj 92 

Feather-stars, 130 

Feneatella, 183 

Fission in corals, 79 

Fissurella, 224 

Fissuridia, 224 

Fixed brachial, 134 
cheek, 275 
lamellibranchs, 197 

Flabellum, 86 

Flagellum, 15, 30 

Fleas, 312 

Flesh-spicules, 33 

Flies, 312 

Food groove, 130, 140 

Foot (Mollnsca), 187 
„ (Lamellibranchifl), 187 
„ (Gasteropoda), 217 
„ (Scaphopoda), 241 
„ (Cephalopoda), 242 

Foramen, 157 

Foraminifera, 16 

Forficulidae, 311 

Fossilisation, 2-8 

Fossula, 76 

Free cheek, 275 

Fulcrum, 278 

Funnel, 242, 243 

FurccuteTf 109 

Fusiform gasteropods, 221 

Fusulina, 22, 24 

Fu8U8, 231 

Galerites, 123 
GalerapygtUi 127 
Gammarus, 307, 308 
Gaping (Lamellibranchs), 197 
Gasteropoda, 216 
Gastral cavity, 29 
„ layer, 29 
GastriocercUy 268 
Gastropores, 68 
Gastrozooid, 50, 68 
Genal angle, 275 
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Genal spine, 275 

Genital operculum, 316, 321, 326 

„ plates, 110 
Genus, 13 
Geocoma, 109 
Geodites, 40, 45 
GeoteutkiSy 267, 268 
Geralinura, 327 
GerviUia, 202 
Gills, 189, 243, 270 
Glabella, 274 
Gladius, 262 
Glauconite, 7, 35 
Globigerina, 22, 24 
Globular gasteropods, 221 
GlycimeriSy 200 
Glyphea, 304 
GlyphioceraSf 264 
Glyptarcay 215 
GlyptocrinuSy 139 
GlyptoscorpiuSf 322 
Glyptospharaj 140 
Gnathostomata, 123 
Gnats, 312 
GomphoceraSy 248 
Gonangium, 49, 50, 59 
Goniatites, 253 
Goniomya, 214 
Goniophyllunif 85 
Gonophore, 49 
Gonotheca, 49, 50 
Gorgonia^ 88, 97 
Grammysia, 213 
GranatocrinttSt 148 
Grantia^ 31 
Granules, 116 
Graphularia, 97 
Graptolites, 53 
Graptolitoidea, 53 
Grasshoppers, 311 
Gresslya^ 213 
Griffithidei, 291 
GryllidflB, 311 
Grypliaai 204 
Gryphochiton^ 223 
Guard of Belemnites, 263 



Guettardia, 46 
Gymnoblastea, 50 
Gymnolsema, 182 
Gjmnomyxa, 16 
Gypidula, 170 
GyroceraSy 268 

HallirhoX 42 

Halobia, 216 

HalynteSf 95 

HamiteSy 257 

Haplocrinug, 139 

Haplocecia^ 183 

Harpes, 276, 285 

HarpoceraSy 258 

Harvest-men, 328 

Head-shield, 274 

HelioliteSy 93 

Heliopora, 90, 93, 97 

-ffeZio;, 236 

Helminthochitony 223 

HemiaspiSy 317 

Hemiastery 126, 127 

Hemicidaris, 121 

Hemipedinay 121 

Hemiptera, 312 

HemithyriSy 173 

Hemitrypa, 185 

Herpetocrinus, 139 

Heteractinellida, 42 

Heterodont, 193 

Heterogenetic homoBomorphy, 14 

Heteromyaria, 198 

Heteropoda, 232, 236, 239 

Heteroporay 185 

Heterotrypay 184 

HexacrinuSy 139 

Hexactinellida, 36 

HildoceraSy 258 

Hinge (Brachiopoda), 155 

„ (Lamellibranchia), 193 
Hinge-line (Brachiopoda), 155 

„ (Lamellibranchia), 194 

HinniteSy 205 
Hippochrenesy 230 
Hippopodium, 209 
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Hippurites, 206 
HirudinaBa, 151 
Hoemesiay 216 
Holastery 125 
Holcospongiaj 43 
Holectypus, 123, 127 
Holmia, 286 
Holocystis, 87 
Holopaa^ 240 
Holopella, 240 
Holostomatous, 220 
Holothuroidea, 129 
HomalonotuSj 287 
Homoeomorphy, 14 
Homomya, 214 
Hoplites, 260 
Hoplopariay 305 
Horiostonuiy 225 
Homeray 185 
Hyalosteliat 36, 45 
Hyboclypetu, 123 
HybocrimiSf 147 
Hydraf 48 
Hydractinia, 60, 69 
Hydranth, 48 
Hydrocanlns, 49 
HydrocorallinsB, 68 
Hydrorhiza, 49 
Hydrospire, 146 
Hydrotheca, 49, 50, 53, 56 
Hydrozoa, 48 
HymenocariSf 299 
Hymenoptera, 313 
Hyolithesy 235 
HypanthocrinuSy 135 
Hypostome, 277, 280 

lehthyocriTmsy 137 
Idiostroma, 70 
Idmoneay 185 
Illanusy 288 

Imperfection of the geological re- 
record, 12 
Imperforate gasteropoda, 219 
Inarticulata, 155, 163 
Incnrrent canals, 31 



Inferior lateral lobe, 251 
Inflected lip, 220 
Infra-basal plates, 133 
Inhalent canals, 31 
Ink-sac, 243, 245 
Inner lip of gasteropods, 220 
InoceramuSy 203 
Insecta, 309 
Integripalliata, 199 
Inter-ambulacral area, 112 

„ „ plates, 112 

Inter-brachial area, 107 

„ „ plates, 134 

Intermediate skeleton, 18 
Inter-radial plates, 133, 145 
Iphideuy 163, 177 
Irregular echinoids, 109, 122, 127 
Isastraay 86 
Ischadites, 37, 45 
Im, 89, 97 
Isocardia, 210 
IsocrinuSf 139, 140 
Isodont, 193 
Isopleura, 222, 239 
Isopoda, 308 
Isotropic, 3, 33 

Jaws (echinoid), 117 
Jelly-fishes, 71 

KampecariSy 309 
Eeel (Ammonoidea), 252 
King-crab, 313 
Kingena, 178 
KoninckiUf 93 
KoninckiTuif 178 
KreUcheria, 328 
Kutorginay 167 

Labechiay 70 
Labial palps, 190 
Labrum, 277 
LageruLy 21 
Lamellibranchia, 187 
Laminarian zone, 176, 238 
Lancet-plate, 145 
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Lapwortkura, 106 

Lateral budding of corals, 78 

„ teeih, 193 
Leda, 199 
Leeches, 151 

Left valve (lamellibranch), 197 
Lepadocrinus, 142 
Lepas^ 296 
Leperditia, 293 
Lepidaster, 106 
Lepidesthes^ 115 
LepidocentruSf 127 
Lepidodiseus, 150 
Lepidopleunu, 223 
Lepidoptera, 312 
Lepralia, 185 
Leptttna, 168 
Leptoffraptuif 65 
Leptostraca, 297 
Leueosoleniay 30 
Libellnlidie, 311 
LiehaSy 290 
Ligament, 195 
Ltma, 205 
XitiNn<ea, 235 
LtmuZitf, 313-317, 322 
Lingual ribbon, 217 
Lingula, 164 
LinguUlla, 164 
LiomenUy 240 
Litharaa, 87 
Lithistida, 40 
Lithodomus, 202 
LithophagtiSf 202 
Lithoitrotian, 83 
Littoral zone, 176, 238 
Ltttortna, 227 
LtttfoZa, 21 

Lobes (Ammonoidea), 250 
Lobsters, 304 
Locostidffi, 311 
Loganograptus, 65 
Longitudinal ornament of gaste- 
ropoda, 222 
LaMdaleia, 84 
Lophophore, 179 



LotorruiR, 230 
Loxonema, 226 
Ltm'iia, 210 
Ludwigia, 268 
Lung-books, 270, 313 
Lunule, 192 
Lunulites, 183 
Lyopomata, 163 
LytoeeriUt 256 

Mitclureay 240 

Macroeepkalitet, 259 

MacrocAWiiM, 226 

JlfocrocM/tna, 226 

Maerocystella, 143 

Maerodan, 206 

IfacroseapAittfs, 257 

Macrura, 304 

Maetra, 211 

Maculie, 277 

Madrepora, 96, 98 

Madreporaria, 74-87, 95 

Madreporic plate, 102, 106, 107, 111 

Ifadreporite, 102, 141 

Magas, 178 

Magellania, 174 

Malacostraca, 296 

Malaptera, 240 

liamelon, 115 

Mandibles, 271, 273, 293, 295, 297, 
303, 309, 310 

Mantle (Brachiopoda), 153 
„ (MoUusca), 186 
„ (Lamellibranohia), 187 
(Gasteropoda), 217 
(Scaphopoda), 241 
(Cephalopoda), 242 

Mantle-cavity, 153, 187, 242 

Marginal plates, 102 
„ pores, 146 

Manipioerinuij 139 

MartupiUs, 137 

liassive corals, 79 

MastigoerimUf 139 

MazilliB, 271, 273, 293, 295, 297, 
303, 309, 310 



»» 



if 



>« 



INDEX, 



353 






Maxillipedes, 302, 303, 307 
May-flies, 311 
MecochinuSf 307 
Medusa, 49, 58 
Medusinay 71 
MedusiteSf 71 
Megalodon, 215, 216 
Megascleres, 33 
Melanatria^ 240 
Melania^ 228 
MelanopsiSt 240 
MelonechinuSf 119 
MeUmites, 119 
Membraniporay 184 
MeretriXj 211 
Merostomata, 313 
Mesenteries, 72, 73, 87 
MesohlastuSj 148 
MesoTiaciSy 286 

Mesosoma, 313, 320, 321, 324 
Metasoma, 313, 320, 321, 324 
Metastoma, 277 
MetopasteVy 105 
Meyeriay 304 
Michelinia^ 93 
Micrabaciay 87 
MicrasteTy 126 
MicrodiscuSy 284 
Microscleres, 33 
MicrothyriSy 175 
Miliolay 20 
MilioHnay 20 
Milleporay 68, 69 
MillericrinuSy 138 
Millestroma, 68 
MillipedeSy 309 
Mites, 328 
Afitra, 231 • 

MitrasteVy 105 
Modiolay 202 
ModiolopsiSy 201 
Monaxonida, 39 
Monocyclic, 133, 134 
MonograptuSy 66 
Monomyaria, 190, 192, 198 
Monoprionidian, 55 

W. P. 



MonotiSy 216 

Monticuliporay 184 

Monticuliporoidea, 91 

Montlivaltiay 86 

Mosquitoes, 312 

Moths, 312 

Multilocular Foraminifera, 17 

Multispiral operculum, 221 

Murchisoniay 224 

ilfur^a;, 231 

Muscular impressions, 158, 192, 245 

Mya, 212 

Myacitesy see Pleuromyuy Homomya, 

Myoconchay 201 

Myophoriay 216 

Myriapoda, 309 

Mytilusy 202 

Myxospongida, 38 

Nacreous layer, 195 
Naiadites, 215 
^as«a, 230 
Naticay 227 
Naticopsis, 240 
Nauplius larva, 272, 297 
Nautiloidea, 244 
Nautilusy 244, 249 
Nebalitty 297 
Neck-furrow, 275 
Neck-ring, 275 
Necrocarcinus, 306 
NecrogammaruSy 308 
Necroicyllay 302 
Neitheay 205 
Nematocysts, 47, 52 
Nematophores, 52, 57 
Neolimulm, 318 
Neotremata, 164 
Nephridia, 187 
NeptuTieay 231 
Nerineay 228 
JSTmto, 226 
Neritinay 226 
Neuroptera, 311 
Nodosariay 21 
Notonectidse, 312 

23 
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Nucleolitet, 124 
Nucleus (Protozoa), 15 

M of operculum, 221 
Nucula, 199 
Nuculanaf 199 
Nudibranchia, 233 
Nullipore zone, 238 
NummuliteSf 23, 25 
Nyctiphanes, 301 

Obelia, 52 
OholeUa, 163 
Ocelli, 314, 318, 324 
Octactinellida, 42 
Octopoda, 266 
Octopus, 261, 266 
Ocular plates, 110 
Oculijuif 98 
Odontockile, 289 
Odontophore, 187, 217, 243 
Oesophageal tube, 72 
Ogygia, 287 
OlcostephamUt 268 
Olenelloides, 286 
Olenellus, 286 
OtoniM, 285 
OligochflBta, 151 
OligoporuSf 115 
Omphalophyllia, 98 
Omphalotrochust 225 
Omphyma, 84 
OnifctM, 308 
Ontogeny, 13, 252 
OnychocelUif 185 
OoBcium, 181 
Operculinay 24 
Operculum, 220, 316, 321 
Ophileta, 239 
Ophiocten, 109 
Opkioglypha, 108, 109 
OphiolepiSt 109 
Ophiura, 108, 109 
Ophiuroidea, 106 
Opilionina, 328 
0^t«, 208 
Opisthobranchia, 233, 239 
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Oral plates, 134, 140, 149 

„ surface, 102, 130 
OrbiculoideOj 165 
OrbitoideSf 24 
Orhitolinaf 21 
Orbitolites, 20 
Orbitremitest 148 
Orbulina, 22 
Order, 13 

Orophocrinus, 144, 148 
Ore^w, 169 
OrtkoceraSy 247 
Orthoptera, 311 
Osculum, 29 
Ostracoda, 292 
0«tr6a, 204 

Outer lip (Gasteropoda), 220 
Outer-side-plate, 147 
Oxynoticeras, 255 

Pachastrellat 40 
Pachinion, 41 
Packyporaj 93 
PaUearcay 215 
PalceasteTy 104 
PaUeasterinaf 104 
PalsBechinoidea, 118 
Palaechinusy 119 
Palaguy 308 
Palainachusy 307 
Palaoblattinay 310, 311 
Palaocoma, 105. 
Palaocorystesy 306 
PalaoctoptiSf 266 
Pal€Bodi8CU8f 127 
PalaoneilOy 216 
PalcRopdUBmon, 302 
PalaophonuSf 326, 327 
Palaranea, 327 
Pali, 76 
PalUal line, 193 

„ sinus, 193 
Palp (mandibular), 297, 299 
Paludina, 228 
Panopeay 212 
Paper-nautilus, 241, 261 
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Paraholinay 285 

Paraholinellay 286 

ParadoxideSj 285 

Parallel modification, 14 

Paranehaliay 298 

Parapodia, 151 

Parasmilia^ 86 

Parkeriay 50 

Parkimonia, 260 

Patella, 223 

Paterina, 162 

Pancispiral operculum, 221 

Pavonaria, 97 

Pearly layer, 195 

Pecten, 205 

Pectinated rhombs, 143 

Pectines, 322, 326 

Pectunculusj 200 

PedicellarisB, 103 

Pedipalp, 313, 326 

Pedipalpi, 327 

Peduncle, 156 

Pelagia, 71 

Pelagic animals, 9, 24, 232, 234, 

236 
PelaiiechinuSy 115 
Pelecypoda, 187 
Pelmatozoa, 101, 130 
PeUastes, 120 
PeltoceraSy 260 
PeUurUy 285 
Pemphix, 306 
Pen (squids), 262 
Pennatula, 90 
Pentacrinus, 137 
PentagonasteVf 106 
Penfamtfn«, 170 
Pcntremitw, 443, 148 
Perforata, 81 

Perforate gasteropods, 219 
Pericardium, 191 
Periderm, 53, 57 
Perignathio girdle, 117 
Periostracum, 196 
Peripatus, 270 
Peripetalous fasciole, 117 



Periproct, 110 
Perisarc, 49, 53 
Perischodomus, 127 
Perisphinctes, 259 
Peristome, 117, 220 
Pema, 203 

Peronella = Peronidella 
PeronideUa, 43 
Petaloid ambulacra, 114 
Petrifaction, 7 
Phacops, 288 
Phalangida, 328 
PhasianelUiy 225 
Phillipsastrcea, 83 
Phillipsiaj 291 
Pholadomya, 213 
Pholasy 214 
Phormosella, 37 
Phomiosomat 115 
Phorus, 227 
PkragmoceraSf 248 
Phragmocone, 264 
Phragmoteuthis, 267, 268 
PhryganidsB, 311 
Phrynus, 327 
PhylactolsBma, 182 
Phyllocarida, 297 
PhyUoceraSy 256 
PhyHoccenia, 98 
PhyllograptuSy 66 
Phyllopoda, 272 
Phylogeny, 12, 13, 63 
Phylum, 13 
Phymosoma, 122 
PinacoceraSj 268 
Pinna, 202 
Pinnatoporat 185 
Pinnules, 134 
PUania, 240 
Pisocrinus, 139 
Placocystis, 143 
Planorbis, 235 
Plant-lice, 312 
Plasmopora, 94 
PlatycerM, 227 
Platychonia^ 45 
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PlatycrintUj 134 

Plesioteuthis, 267, 268 

Pleura, 278 

PleurocystiSf 143 

PleurodictyufHt 93 

PleurograptuSf 65 

Pleuromya, 213 

Pleuronautilus, 249, 268 

Pleuropygia, 163 

Pleurotoma, 232 

Pleurotomaria, 224 

Plicatula, 206 

Plocoscyphiaj 38 

Plumastert 106 

Plumvlaria, 52, 53, 61 

Plumulitetf, 296 

Pollicipes, 296 

Polychasta, 151 

Polypary, 53 

Polypide, 180 

Polyplacophora, 222 

Polyporay 185 

Polyps, 48 

PolytremaciSf 94 

Polyzoa, 179 

Porcellaneous Foraminifera, 16, 18 

Pore-rhombs, 142 

Porifera, 29 

Pontes, 96 

Posidonomya, 204 

Post-abdomeu, 320, 321, 324 

Posterior canal, 220 

PotamideSy 229 

Potamomya, 216 

PoterioceraSf 248 

Poteriocrinm, 137 

Pre-abdomen, 320, 324 

Prearcturus, 308 

Prestwichia, 317 

Primary plates, 113 

Primitiat 294 

Priscochitorij 223 

Prismatic layer, 195 

Proboscinat 185 

Prodissoconch, 197 

Productus, 167 



Proetus, 291 

Prographularia, 97 

ProlecaniteSf 254 

Pro-ostracum, 265 

Proporay 94 

Proscorpins, 326 

Prosobranchia, 223 

Prosoma, 313, 314, 318, 321, 324 

Prosopon, 307 

Protaspis, 282 

Protaster, 108 

Protegulum, 162 

Protocardia, 208 

Protocaris, 273 

Protocimex, 310, 312 

Protoconch, 246, 251, 253 

Protocystis, 143 

Protolycosaj 327 

Protoplasm, 15 

Protopodite, 271 

Protospongia, 37 

Prototracheata, 270 

Protozoa, 15 

Protractor muscle, 193 

Protremata, 166 

Provinces (Molluscan), 237 

Psammobiay 211 

Psevdocrinus^ 143 

Pseudodeltidium, 157 

Pseudodiadema, 121 

Pseudomelaniaf 226 

PseudomonotiSf 203 

PseudonisctiSt 318 
Pseudopodia, 15, 16 
Pseudoscorpionida, 327 
Psiloceras, 257 
Ptma, 203 
Pterineay 204 
Pteropod ooze, 234 
Pteropoda, 234, 236, 239 
Pterygotus, 323 
Ptilodictyat 185 
PtilograptuSy 62 
Ptychitesy 268 
Pulmonary sacs, 270 
Pulmonata, 235, 239 
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Purpura, 231 
Purpurinay 240 
Purpuroidea, 227 
Pygaster, 123, 127 
Pygidium, 278 
Pyrula, 240 

Quinqueloculina, 20 

Badlal pillars, 69 

plates, 108, 111, 133, 144 
symmetry, 47, 71, 99 

Badiolaria, 26 

Radiolites, 207 

Badula, 217 

Raphidoneina, 46 

Raphistomaj 239 

Rastrites, 66 

Becapitalation theory, 13 

Receptaculites, 37, 45 

Bed coral, 88 

Reflected lip (Gasteropoda), 220 

Regular echinoids, 109, 119 

RemopleurideSj 276 

Re flier a, 39, 45 

Beticularia, 16 

RetioliteSf 67 

Retractor muscles, 193 
Rhabdophyllia, 98 
RhizocrintUi 139 
Rhizophyllum, 86 
Rhhostoma, 71 
Rhizostomites, 71 
Rhodocrinus, 140 
Rhynchonella, 173 
Bight valve, 197 
Rimella, 230 
Rusoa, 240 
Boot (Crinoid), 133 
Boot-tuft of Sponges, 32, 36 
RosteUariat 229 
Bostrum, 297, 303 
Rotaliuy 22 
Bugosa, 81 

Saccamiruif 20, 24 



Saccocomat 140 

Saddles (Ammonoidea), 250 

SagenocrinuSf 138 

Saknia, 121, 127 

SanguinoliteSy 215 

-Sfao, 277, 292 

Saxicava, 212 

^ca^a, 226 

Scalaria, 226 

Scalpellunit 296 

Scaphites, 261 

Scaphopoda, 240 

Scenella, 239 

Schizaster, 126 

SchizoblastuSf 148 

Schizodont, 193 

SchizoduSt 201 

Schizopoda, 301 

Schlcenbachia, 261 

Schlotheimia, 258 

Scorpionida, 324 

Scorpion- spiders, 327 

Scrobioule, 116 

Scutum, 296 

ScyphomedusfB, 71 

Scytalia, 41 

Sea-anemones, 71, 74 

Sea-cucumbers, 129 

Sea-Ulies, 130 

Sea-urchins, 109 
Selucothon, 41 
fifepta, 262, 263 
Septa (Foraminifera), 17 
(Corals), 75, 80 
(Cephalopoda), 245 
Septal fossula, 76, 81, 82 

„ necks, 246, 249 
Serpula, 152 
Sertularia, 52, 53, 61 
Sessile eyes, 307 
SetaB, 151 
Sicula, 55, 59 
Shrimps, 304 
Side-plates, 146 
Silica, 3, 7, 26, 32, 33 
Silicispongiae, 38 
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Siliquaria^ 218 
Silver-fish, 311 
Simple ambulacra, 114 
Sinistral gasteropoda, 218 
Sinapalliata, 199 
Siphonia, 41 
Siphonida, 199 
Siphonostomatous, 220, 239 
Siphonotretaf 165 
Siphonozooids, 90 
Siphons, 189, 217 
Siphancle, 246, 249 
Skeletal-spicules, 33 
Slimonia, 323 
Smithiat 83 
Solarium, 227 
Solastery 101, 106 
Solen, 212 
SpatangtiSy 112, 129 
Species, 13 

SpharophtfialmuSf 285 
SpJuerospangiaj 37, 45 
Sphanilitesy 207 
Spicules, 32 
Spiders, 327 

Spines (Echinoidea), 116 
Spiracles, 145 
Spiral angle, 218 

„ ornament, 222 
Spire of gasteropods, 218 
Spinfer, 171 
Spiriferina^ 171 
Spiroloculinay 20 
Spiropora, 185 
SpirorbiSf 152 
Spirula, 262, 263 
Spirulirostra^ 268 
SpondyliUt 205 
Sponges, 29 
Spongilla, 39, 44, 45 
Spongin, 32, 38, 43 
Squid, 241, 261 
Squilla, 302 
Stalked eyes, 297, 301 
Starfishes, 101 
Stauronemaj 46 



SteganoblcutuSf 150 
Stem (Crinoidea), 131 

„ (Cystidea), 140 

„ (Blastoidea), 143 
StephanoceraSj 259 
Stepheoceras, 259 
Sternum (Scorpion), 324 
Stigmata, 326 
Stomatopoda, 302 
StomatoporUf 185 
Stomechinus, 122 
StomodaBum, 72, 88 
Stone-canal, 104 
Strabops, 324 
Straparollinaf 239 
Streptelasma, 85 
Streptoneura, 223, 239 
Stricklandia, 170 
StringocephalnSf 175 
StromatocystUf 150 
Stromatoporay 69 
Stromatoporella^ 70 
Stromatoporoidea, 69 
Stromfms, 229 
Strophalosia, 168 
Strophomena, 169 
Stylaster, 68 
Styliform columella, 76 
Stylina, 87 
Styliola, 234 
Stylonurus, 323 
Sub-anal fasciole, 117 
Sub-petaloid ambulacra, 114 
Sucking-discs, 241, 261 
Superior lateral lobe, 251 
Supplemental skeleton, 18 
Sur-anal plate, 112 
Suture (Gasteropoda), 218 

„ (Cephalopoda), 246, 249, 250 
Synapta, 129 
Synapticula, 77 
Syncyclonema, 205 
Syntheciumy 59 
Syringoparay 92 

Tabula, 77 
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Talitrm, 307 

Taxodont, 193 

Tectibranchia, 233 

Teeth (LameUibraDch), 193 

Tegmen, 133, 134 

Tellina, 211 

Telotremata, 171 

Telson, 301, 302, 304, 308, 324 

TemnechinuSf 129 

Temnocheilus, 249, 268 

Tentacles, 48, 73, 87, 179, 241 

TentaculiteSj 235 

Terebratulat 174 

Terebratulina^ 176 

TeredOy 214 

Tergum, 296 

Termitidse, 311 

Testicardines, 163 

Tetrabranchia, 244 

Tetracidaris, 119 

Tetraotinellida, 39 

TetragraptuSy 65 

Textulariay 21 

Thamnastraay 87 

ThamniscuSf 185 

Theca, 236 

Theca (Corals), 76 

Thecidium, 178 

Thecosmiliaf 87 

Theonoa, 183 

Tholiasterella, 42, 45 

Thoracostraca, 301 

Thorax (Trilobite), 277 

Thraciaj 214 

Ticks, 328 

Tityus, 326 

Trabeculate colamella, 76 

Traohe89, 270, 309, 310, 313 

Trachyceras, 256 

Transverse ornament, 222 

Trepostomata, 184 

Tretenterata, 163 

Triarthrus, 280 

Trigeminal, 114 

Trigoniat 201 

Trilobita, 273 



Trimerocephaliust 289 

Trinucleus, 284 

Tritaxiay 17 

Triton, 230 

TriUmofnguSj 240 

Trochiform gasteropods, 221 

Trochoceras, 268 

TrochocyathuSj 96, 98 

Trochus, 226 

TroostocrinuSt 147, 148 

Tube-feet, 102, 104, 107, 113, 129 

Tubercles, 116 

Tubipora, 89, 92, 97 

Ttibulariaf 60 

Turbinate gasteropods, 221 

TurbiTiolia, 86 

Turbo, 225 

Turreted gasteropods, 221 

TurrilepaSf 296 

Turrilites, 257 

TurriteUa, 228 

Typhis, 231 

Ubaghsia, 93 
Uintacrinus, 140 
Umbilicus, 219, 262 
Umbo, 155, 192 
Undtes, 172 
Under-lanoet-plate, 146 
Unguioulate operculum, 221 
Unicardium, 216 
Unigeminal, 114 
Unilocular, 17 
CTmo, 209, 215 
Univalve, 218 
Urasterella, 106 

Valves (Brachiopod), 153, 154 

„ (Lamellibranch), 191 
Varices, 222 
Varieties, 14 
Velum, 49 
Venencardia, 208 
Ventriculites, 38 
Venus, 210 
F^rmettK, 218 



360 



INDEX. 



Verrucocaliay 46 
Verrucosat 296 
Verruculina, 40 
Vesicular tissue, 77 
Vibracula, 181 
Virgula, 63, 67, 61 
Visceral chamber, 76 
Vitreous .Foraminif era, 16, 21 
ViviparuSy 228 
Valuta, 232 

Waldheimiat 174 

Wasps, 313 

Water-bugs, 312 

Water-vascular system, 99, 103, 

106, 118, 141 
White ants, 311 
Whorl, 218 
Wood-louse, 308 
WoodocrinuSj 137 



Worms, 161 

XanthopsiSj 306 
Xenophora, 227 
Xiphosura, 313 
XiphoteuthiSj 268 
Xylohius, 309 

Zaphrentis, 84 
ZeiUeriay 176 
Zo8Ba, 272, 297 
Zoantharia, 73-87 
Zoarium, 179 

Zone of Brachiopods and Corals, 
176 

„ of NuUipores, 176 
Zones (stratigraphical), 8 

„ of depth, 237, 238 
Zooecium, 180 
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